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ABSTRACT ' .

The present experiment comprised an investigation of

cerebral asymmetry (i.e., differences in the way the two

" hemispheres function). Two recent theories concentrated on -

inforﬁation-processing methods to study and explain the

differenced. Oone model (Shatz, 1979).suggested that the

left "cerebral hemisphere processes items in a manner which

Qould be cornsisternit with a serial memdry scén and thglright

cerebral hgmisphe:e processes items in a manner which would

be consistent with -a parallel memoty scan. Another model

(Goldberg & Costa, léél) propgsed that asymmetry of function
-

is a consequence of neurcanatomical differences between the

-

cerebral hemisphefes. These researcheré-suggest that the-
right cerebral hemisphere -is superior in procéssing inform-"

ation when the subject is presented with novel stimuli and
. N oy
. .o . - . : .
the left hemisphere 1is superior in processing 1informaticn

for which there is a pre-existing code or strétégj. This

. experiment was designed to investigate the cognitive.
- £
information-processing strategy ,used. withism each cerebral
-

hemisphere, for both familiar 'and novel stimuli, and to

determine if there is any change if. processing over time as

-~ =

novel stimuli become familiar.
7z

Fourteen right-handed male subjects, ranging in age

from 19 to 41 years with a mean age of 24.14 years, received

i

.

e



tachistoscopic presentation of stimuli; defined as "familiar"
(i.e., digits from 1 to 9) or "novel" (i.e., a set of ‘9
angles -varYing with respect to angle size and degree of
rotatipon), . on three consecutive days. A memdry seﬁ,
cbnsigling‘of_z, 3, or 4 digits (or angles) was presented to
| each subject. Each 'of’_the 9 digits/angles (probés). was
randdmly presented g;;;;r to the rigﬁt o;‘léft visual field
(lateraiity), with each subject in;truc@ed to report that

" the probe had been (pésitive probe) ‘of ha@ n$t  been'
l(neg’ative probe} one ?f the 2, 3, or 4 digits/angles seen at.
“the beginning. - .
The hypotheses of -the present experimenﬁ were only

pagz}allylkﬁgported. A right visual field (left hemisphere)

advantage{was obseryed with familiar stimuli (i.e., digits). *
-However{ no visual field advantage was observed for novel
stimuli (i.e., angles) and consequently the hypothesis of a
right-to-left shift in’ hemispheral d'superiority for
processing novel stimuli could not be evaluated. The
hypéthesié of differéntial memory. scanning. strategies
-befgegﬁ thé;legt and‘right cerebral hemispheres could not
be evaluéteg since the reaction time curves observed did not
meet the criteria usgd to differentiate serial and parailel

scanning. L. | .

‘ b i .
The relationship -of the present findingg to previous
research was aiscussed. Pogsible reasons for non-support of

some predictions were presented. Finally, suggestions for

further research were propesed.

id
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CHAPTER 1

INTRCDUCTION

Throughout the Bistory of neuropsychology, an emphasis
has been placed oﬁ determining the nature of the differences
in function between the two cerebral hemispheres. Terms
used to describe this asyﬁﬁgtry of~function have ranged
from "dominant/non-dominant! to Jlinguistic/non-linguistic"
and “analytic/gestaif.“ Early approaches to the issue of
cerebral asymmetry could be described as "localizationism"
whéreby particular functions were asﬁociated with one or the
other cerebral hemisphere. More recent approaches are
characterized by the use. of cognitive informatioﬁ-processing
methodology, in which there -is an emphasis on determininq
;the underlying cognitive strategies within each cefebral
\hemisphere (Moscovitch, 1979; Schmullex, 1979).

Two recent articles have appeared in which a cognitive
information-processing approach has been used to destribe
cerebral asymmetry. Shatz (1979), on the basis of results
obtained in three experiments, suggested that the left
cerebral hemisphere processes items "in a mannér which wouid

‘be consistent with a serial memory scan and the right

cerebral hemisphere processes items in a manner which would

be consistent,.with a parallel memory scan. Goldberg and

1
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.Costa (1981) proposed that asymmetry of function is a conse-

‘.D

quence of heuroanatomical differences between the‘cerebral
hemisphe;es. They suggested that. the right cerebral
hemisphere is superior in processing informafion when the
subject is presented .with novel stimuli and the ieft
hemisphere is superior in processing information for which

there is a pre-existing code or strategy. This experiment

© was designed to investigaté the cognitive information-

processing strategy used within each cerebral hemisphere,
for both familiar and govel stimuli, and to determine if
thqre is aﬂ? change in processing oQér'time as novel stiﬁuli
become familiar stimuli.

In the literature reQiew which fol*ows, three afeés of
research will be examined. First, reseé?ch éoncerning the
information-processing approach and its application within
the area of neuropsychology wili be presented. Next, a
discussion -of serial and parallel processing and research
relevant to Shatz's (1979) model of cerebral asymmetry will
be surveyed. Finally, the Goldberg and Costa (1981).mode1
of cerebral asymmetry will be presented, followed gy a
stat;ment of the purpose and hypotheses of the present

experiment.

Information Processing Approaches in Neuropsychology

Techniques' borrowed from experimental psychology have

been utilized to ihvestigate. cerebral asymmetry.- In this

A
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P h
section, the methodology and general findings of these
techniques will he reviewed as they are applied to wvisual
information-processing studies. |

With respect to the visual system, anatomical arrange-
ments are such that information presented to one or the
other visual field follows a specific pathway to one or the
o£her cerebral hemisphere. ‘That is, information presented
in the left wvisual field projects to the right cerebral
hemisphere, and information presented in the right wvisual
field projects to the left'cerebral hemisphere. Superiority
of one or thc;'other cerebral hemisphere is usually determined
on the basis of a reaction time measure. That is, the basic
procedure in these experiments requires a subject. to focus
his or her eyes on a de’s.ignated point in. the center c¢f a
visual display and information is presented to om;. or the
other visual half fielgl. The time (in msec.) to a response
is measured, and -the cerebral he?f‘lsphere for which a
shorter reaction time is found is considered to be superior
. at processing that type of iﬁformation. Superiority can
also be determined wusing a measure of ‘accuracy of
recognition (Dimond & Beaumont, 1974).

This procedure haé been used toc investigate cerebral
asymmetry with both normal subjects and patients with
surgiEa1 disconnection of the cereﬁrql hemispheres. In
the early research in this area, some consistent results

were reported, using both subject populations. One major

R, e T - S i
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issue focused on differences in the processing of verbal
versus nonverbal material. The hleft cerebral hemisphere
was often found to be superior to the right cerebral
hemisphere for identification of lefters,',digits, words,
and other stimuli which could be verbally encoded. The
right cerebral hemisphere was often found to be superior on
recognition tasks for nonverbal stimuli, such as tasks
requiring the identification of faces, dot localization,
and recognition of geometric shapes (Dimond & Beaumont,
1974; Pirozzolo, 1977).

Although these findings were generally accepted in
the earlier phase of research on cerebral asymmetry,
many inconsistent results were also evident. For example,
white (1972) summarized the resuits from forty-one
experiments in which stimuli were uniiaterally pfesented to
the right or left visual field. In fifteen out of twenty-
five experiments which utilized nonverbal stimuli, no
hemifield differences were observed for recognition_of these -
stimuli. In the sixteen experiments which utilized verbal
stimuli there was somewhat more consistency in the results,
favouring a righf visual field (left hemisphere) advantage._
However, discrepant results have also been reported in
research utilizing verbal material. By investigating the
discrepancies reported in the literature, researchers became
more aware of the effect which methodological variables have

on determining cerebral asymmetry. One such :study will be



A 5
presented in order to demonstrate the importance of method-
ological variables on visual hemifield superiority.

Mishkin and Forgays- (1952) investigated reaction time
for recognition of words, using subjects who were bilingual
in the-English and Yiddish language. In one phase of the
experiment, English words were unilaterally presented ta the
left or right visual field. In a second phase of  the
experiment, Yiddish words were presented for recognition.
Mishkin and Forgays reported that a lower reaction time was
found for English words presented in the right visual field
than in the left; the opposite results were obtained fpr
Yiddish words. ~Mishkin - and ﬁForgays proposed that this
difference was related to the training procedures used in
each language for readiné. That is, the English language
is.read from left.to right and the Yiddish language £from
right to left, and these training procedures were assumed
tc result in a more effective "neural organization" in the
left cerebral hemisphere for the English language and in
the right cerebral hemisphere for the Yiddish'language.

Heron (1957) modified the Mishkin and Forgays (1952)
study, using a Dbilateral tachistéscopic presentation
procedure rather than unilateral presentation for English
letters and words. The reaction time measﬁres indicated a
left wvisual °field (right hemispheré) advantage _ for
recognition of the stimuli. These results contradicted

the Mishkin and Forgays hypothesis, which postulated that a
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-
more efficient neural organization was established in the
left cerebral hemisphere for glish words on the basis of

acguired reading habits (Whitg, 1969; Pirozzoleo, 1977).

Discrepant results in the literature have also been »

provided by experiments in which superiority of the left
visual field (right hemisphere) has been dehonstrated for
verbal tasks such as word-matching, letter-matching,
recognition of cursive handwriting, and recognition of
unfamiliar typefaces (Pirozzolo, 1977). Inconsistent
results such as these led researchers aw;y frﬁm a character-
ization of stimuli or hemispheres as being primarily verbal
or nonverbal in nature, and toward the investigatign
methodological issues involved in wvisual. infogmation-
processing studies (Pirozzolo, 1977). Revigws of the
research in this area have been reported by Wwhite (1969,
1972).

Whife (1969)' reviewed. the literature on: laterality

differences obtained in experiments in which visual stimuli

were tachistoscopically presented to subjects. He reported

'

that "whether a left or a right visual hemifield superiority
in recall accuraéy is found is.ﬁependent on (a) the type of
stimulus presentation, unilateral or bilateral; (b) the
amount, nature, and spacing of the stimulus-information
elements; (c) the intensity at which. the information is
shown; (d) the order in whi¢h the information is reported;

(e) the viewing condition employed, and the ocular dominance

Y
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of the subjects; and (f) the handedness and lateralization
of the subjects" (p. 402). Other methodological issues
related to asymmetry of fﬁnction and visual information
processing will now be reviewed. These issues include:
' N
the number of items in a stimulus presentation (Moscovitch,
1972); the effects of cuing (Cohen, 1975); the type of

. A
stimulus and fixation stimuli (Hines, 1978); and task

.
requirements (Cohen, 1972; Niederbuhl & Springer, 1979;
Martin, 1979).

Moscovitch (1972) investigated the effects of memory
set size on cerebral dominance. The memory set, which was
composed of a set of one or six letters, was auditorily
presented to subjects +to both ears at the same time.
Following presentation of the memory set, a thkst letter was
visually presented for recognition to either the left or
right wvisual field. Moscovitch reported that hemispheral
superiority, as determined by a reactiocn time measurd, was

dependent upon the size of the memory set. That is, when

the memofy -set consisted of one letter, reaction time

favoured a left visual field (right hemisphere) presentation.

when the set size was increased to six letters, a right

visual field (left hemisphere) superiority was demonstrated.
Moscovitch also demonstrated that reaction time measures are
: N

not biased in' favour of the wvisual field projecting to. the

hemisphere that emits ,the motor response.

2

T



8

Cochen (1975) inveétigated‘.the effects of cuing on
visugl recggnition tasks. In on experiment, single letters
were \presented ,in the left o;alfight visual field. The
subject's task was to name the letter as quickly as possible.
Half of the trials' were non-cued trials i; which the
experimentef said "no information" pribr to a stimulus
presentation. Half of the trials were cued with. two
alternative letters verbally §upplied- prior to the
stimulus presentation; one of which correéponded to \théw
stimulus. Cohen reported that no hemispheric asymmetry was
observed when single &etters were presented to subjects
using the ;ncued recognition procedure. However, with the
cued recognition procedure a right visual field (left
hemisphére) advantage was observed. B

Cohen k1975) replicated this experiment using single
words as visual recoqnitidn stimuli. Cohen reported that
recognition of words was faster in the right visual field
(left hemi§phere) on uncued trials. This iight visual field
advantage for words was also obtained in cued trials, in
which the subject was supplied with the class or category of
the stimulus word which would appear.

Cohen (1975) reported one additional experiment which
was designed to investigate the effects of cued versus non-
cued presentation of wvisual stimuli on cerebral asymmetry.
In this experiment, a mixed sefies of words, digits, and

dots was presented. Cohen reported that no asymmetry was



.
observed for any stimulus on uncued trials. A left hemis-
phere advantage for words was demonstrated when a cue
indicated the type of stimulus which would follow. No
significant shift in hemisphere advantage was obtained for
digit or dot stimpli in the cued condition. On the basis of
results obtained in all three experiments, Cohen concluded
that; in some conditions, the hemispheric asymméfry observed
for a particular task may shift when cuing establishes- an
attentional set.

In visual information-processing studies, subjects are
often required to respond to a central fixation stimulus
prior to presentation of the test stimulus 1in ofder to
ensure that their‘eyes were focused at the center of.thé
screen. Hines (1978) designed an experiment to investigate
whether or not the type of fixation stimulus (i.e., verbal
or nonverbal) alters visual half field asymmetry. :In the
verbal center control stimulus céndition, subjects had to
verbally report a single digit. The non-verbal. center
control stimulus consisted of a 1line of a particular
orienﬁation which a subject was reéuired to recognize from
a card listing several alternative lines. The stimuli used .
for the recognition task in this experiment consisted of
words, faces, and random shape stimuli. Hines reported that
visual half field asymmetry wasg determined by the type of
stimulus presented in the visual half field rather £han by

the type of fixation stimulus. That is, the word stimuli
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were recognized more often when presented in ‘the right
visual half field and the type of center control stimulus
had no effect on recognition. The face stimuli were
recognized more often when presented in the left visual half,
field, and this superiority was somewhat greater on trials
in which a nonverbal center control stimulus was presented.
The random shape stimﬁli showed no reliable wvisual half
field asymmetry. Hines concluded that, in contrast to
previous reports, visual half field asymmetry 1s not
consistently altered by the type of center fixation stimulus.

Three experiments will be presented in which the
effects of task requirements on.cefebral laterality observed
in visual recognition tasks was iﬁ#estigated. Cohen (1972)
utilized a letter identification task in which letter pairs
could be classified asy"same" or "different" .on the basis of
nominal or physical analysis. Stimﬁli were unilaterally
presented to the left or right cerebral hemisphere. Cohen
reported that na¥é matcﬂés were faster when stimuli were
presented to the left hemisphere and physical matches were
faster when stimuli were presented to the right hemisphere.
In oéher words, hem&spheric differences in performance on
this task were not related to the tyﬁe of stimulus presented,
but were related to the type of processing required.

Niederbuhl and Springer (1979) investigated the effects

of type of response strategy on recognition of a target set

which consisted of four letters. Subjects in a '"name"

7
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condition were instructed to memorize the names of the
target'letters and were regquired to rehearse them before
each trial. Subjects in a ‘shape" condition were informed
that all target letters were comﬁosed of straight lines
-while all distractor letters contained curves. This group
of subjects was instructed to locok only for straigﬁt lines
to identify targets, and not at any specific letters. It
was reported that when task instructions stressed naming,
the left hemisphere was superior to the right. When the
task instructions required subjects to respond 6n the basis
of shape, superior processing was deﬁonstrated for stiQEII‘
presented to the rightrhemisphere. .

Martin (1979) investigated hemispheric speciélization'
for ‘“holistic" and "analytic" processing. The stimuli
consisted of a presentation of one of three large letters

(i.e., the letter "H", "S", or "O"). These large letters,

referred to as the 'global" shape of the stimulus, were in

turn composed of small letters (i.e.,'the letters "H", 'YSY,
or '"Oo"Wj). These small letters were referred "to as "local"
elements (Figure 1). Subjects were. instructed .to recall

either the global or the local shape of the stimuli which
assumed holistic and analytic processing, respectively.
_When subjects were required to respond on the basis of the
local elements, processing was significantly faster for
stimuli presented in the right visual field (left hemis-

phere). when subjects were required to make a global



H H s s o 0
H H s s 0 0
H H s s o o )
HHHHEH SSSSSs 00000
H H 'S s o o
H H s s o 0
H H S s 0 o
L)

Figure 1. Example of stimulus patterns used

in Martin's (1979) experiment.

)
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judgment, processing was significantly faster for stimuli
presented in the left visual field (right hemisphere).

In summary, the. research revieweq in this sectiono
accentuates the.'importance of methodological issues 1in
visual information-processing ~§3periments. Variables
related to the viéﬁal stimuli, such as the number of items
and the type of 'stimuli presented, have been shoﬁn to
influence the laterality effects observed. In addition,
task requirements, - encoding sffategy that the subject is
to utilize, and instructions which provide a cue prior to
preéentation of the stimulus alsc influence the results.
These methodological variables must be considered when
designing studies in this area and when evaluating the
results obtained in these experiments. ‘

In the hext section, research concerning serial and
parallel processing strategies will be reviewed. First, the
item recognition paradigm will be described, with a
definition of the concepts of serial and parallel processing.
The research pertaining to gespbral asymmetry with respect
to serial and .parallel processing will be presented, with

an emphasis on Shatz's (1979) research.

Serial and Parallel Processing

The process of internal memory scanning was first

proposed by Sternberg in 1966. The differentiation between
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serial and parallel processing is based on results obtained
in the "Yitem recognition' paradigm. In this paradigm,
"stimulus ensemble" refers to all items that are presented

ngI

memory set." The remaining items comprise the "negative

the subjeq{ to memorize. These items comprise the

set." When a test stimulus 1s presented, the subject's
task is to decide whether th2 item is a_’member of the
positi&e set (the mé€mory set) or of the negative set. The
subject must press one of two buttons to make either a
positive or a negative response.

Over several studies in which the size of the positive
set was varied while the number of positive and negative
responses required were kept constant, sternbe£g (1969,
1975) integrated four main findings by using tﬁe concept of
serial processing. He found that reaction time increased
approximately. linearly with an increase in set size. The
rate of this increase was the same for both positive and
\ negative gesponses. “Phe rate of increase was about 38 msec.

for each item in the positive set, and the zero intercept
was about 400 msec. Similar results were obtained when, the
" positive set remained the same over a series of trials, or
was varied from trial to trial. Sternberg (1975) explained
e
these findings by postulating "a'géérch through the positive
set in which the test item is compared serially to each of
the memorizqg items, and each comparison results in either

a match or a mismatch" (p.4).
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In serial scanning, the search 1is believed to be an
exhaustive one through the positive set where each test
item is compared to each of the memorized items in serial
order. Serial scanning_qpen involves a series RWf comﬁar—
isons. In parallel scanning, many separate comparisons are
believed to occur at one time. That is, the test--stimulus
is compared in parallel <(i.e., siﬁultaneously) to all
members of the positivg:\set (Sternbe?g, 1975).. Parallel
scanning is believed to occur when there is no increase in
reaction time as a funcf?6h of change in Ythe size of £he
memory set.

In summary, the processes of serial and parallel scan-
ning are defined by the presence or absence of changes in
reaction time that occur as a function of set size. If there
is a linear increase in reaction time as the size of the

positive set increases, serial scanning is assumed to have
occurred. I1f there is ‘no change® in reaction. time as a
function oﬁ an increaée in the memory set, then a parallel
memory search is assumed.

Some researchers have criticized Sternberg's method of
-differeﬁtiating between serial and parallel processing.
Toynsend (1972, 1976) investigated the assumptions of serial
and parallel processing by means of mathematicalranalysis.
Ifl.a series of mathematical proofs, Townsend demonstrated
thaii given certain’ probability distributions, it is impos-

sible to determine whether a linear intrease in reaction
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time is indicative of serial pxotessing or of a limited
capacity_parallel system.' However, he stated that a flat
reaction time function offers st,rong support for an nlimited
capacity parallel s_ystém. Townsend congluded that it is
di%ficult to differentiate serial and paraf;lel processin;;
strategies using mathgma£ical analysis. Taylor (1976)
performed a similar apalysis of serial and parallel proces-
sing curves and arrived at the same conclusion as Townsend.

The criticisms formulated by Townsend (197'2, 197.6) and
Taylof (1976) against Sternberg's techniques for different-
iating serial and parallel processing are theoretically
correct. It may not be possible. to discern serial and
parallel processing on the basis of analysis of a single
reaction time curve. . However, it must be remembered that
with research in this area the focus is not on the analysis
of. a single reaction time‘ curve. ~Rather, the emphasis is
piaced on the comp.arison of reaction time curves obtained
with different me;nipulations of the independent wvariable,
or of the comparison of reaction time curves obtained for
right and left hemisphere presentations. 1t cah be inferred
that differences between two reaction time curves represent
differential processing strategies. Therefore, the terms

“serial" and "parallel" can provide a meaningful way to

describe observed differences in process;}ng strategy, and

Sternberg's techniques for . distinguishing between these

processes are widely _acceptéd and used (Shatz, 1979). The
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next séction of this discussion will focus on research
pertaining to serial and pargllel processing and cerebral
laterality.

. >

Processing Strategy and Cerebral Laterality

-

Investigations have been done to determine the inter-

actioh between type of processingt(i.e., serial or parallel)
and cerebral laterality. These investigations have been

reported by Klatzky and Atkinson (1971), Cohen (1973), White

,3\\\ﬂ:?d white (1975), and Shatz (1979). This research will now

e reviewed.

K}atzky and Atkinson’ (1971) presented subjects with
memory set stimuli consisting of from two to five letters.
Two‘fypes of test stimuli were used over diffefent sessions.
In some sessions, letters were .presented laterally to
subjects as test stimuli; in ophér sessions picﬁpre;
were used as test stimuli. The picture stimuli were
designed to represent a common noun whose firét letter
corresponded to a member of the letter set. The reaction
time functions obtained for both the letter and picture
stimuli showed a - linear increase, for both positive and
negative respbnses; as a function® of an increase in memory
set size. Klatzky and Atkinson concluded that their results
were consistent with the serial exhaustive scanning model.

Cohen (1973) reported the results from three experiments

f
in which hemisphere differences in serial and parallel

~

)
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processing were investigated. In the first experiment, a
set consisting of two, three, or four letters was presented
in either the left or right wvisual field. ‘The subjects'’
task was to decide if ail the letters were the same or if
one differed from the others. Cohen found a linear increase
in reaction time as a function of an increase in the size
of the letter set when the stimuli were projected tb the
right wvisual _field (left hemisphere). No increase 1in
reaction time was found when the stimuli were presented to
the left visual field (right hemisphere). Cohen concluded
that the left hemisphere processed the items in a serial
manner and the right hemisphere processed the items in a
parallel manner.

Cohen designed a second experiment to determine if
similar results would be obtained when nonverbal material
was used. The stimuli‘consisted.of complex shapes which
could not readily be encoded using a verbal strategy. &ohen
found the left hemisphere to be superior for recognition of
stimuli requiring a "same" response. The only significant
linear 'increase in reaction time for "same" responses was
found between the set size of two and three shapes for
stimuli presented to the left hemisphere..,Thére were no
differences between the cerebral hemispheres for items which
required a "different" response. There was an increase in
reaction time with. an increase in the rnumber of items for

both hemispheres, however, this increase was very small and
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could not be determined to reflect either serial or parallel
processing. Cohen concluded in the second experiment that
the right hemisphere exhibited parallel processing, although
there was a slight trend toward faster }eaction time with
more shapes present. The left hemisphere cguld not be char-
acterized as showing either serial or parallel ﬁrocessing.'l

A third experiment was reported by Cohen (1973) in an
attempt to c¢larify the issue of cerebral- laterality and
processing strategy. -In this experiment, memory set size
was increased to five items and letter stimuli were
presented on half of the trials, with shape stimuli
presented on the remaining trials. Cohen reported that
letters presented to the left hemisphere were processed in
a serial manner, and, when presented to the right hemisphere,
the results did not reflect serial processing. Nonverbal
stimuli appeared to be processed in a parallel manner by
both hemispheres. Cohen concluded, on the basis of the
resﬁlts obtained over all three experiments, that hemiépheric
differences in processing strategy may be limited to tasks
such as those requiring matching of alphanumeric stimuli or
words which can be processed with.eithe£ a verbal or visual-
spatial strategy. ’

white and White (1975) attempted to extend éohen's
(1973) findings using geometric shapes and letter sets
which were either physically -identical or nominally
identical. Two, three, or four items were presented to the
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‘left or right wvisual field. With the gecmetric shggs:
stimuli, subjects were required to indicate whether the
. items were the same or different. With the letter stimuli,
subjects were required to indicate whether the stimuli were
the same or different in both a physical and a nominal match
condition. Overall, the results indicateg that the reaction
times for 'same" responses were fastér than those for
"different" responses. For the- letter stimuli, a faster
reaction time was found in the physical identity condition
than in the nominal identity condition. With thé geometric
stimuli, reaction time was significantly faster for right
hemispﬁere presentation - than for the left hemisphere.
However, no significant interactions were obtained between
set size and hemisphere of presentation. White and Wwhite
suggested that response and pattern configuration effects
may have contributed to the lack of hemisphere effect.
Before describing Shatz's (1979) research pertaining to
serial and parallel processing and cerebral laterality, it
is important to mention that methodeclogical issues appear to
have a significant effect on the type of processing strategy
which will be observed. As discussed above, the results
obtained prior to Shatz's (1979) study were often contra-
dictory ~and confusiﬁgl The diversity in the results
obtained. may be related to differences between experiments
with respect to the type of stimuli used, the duration of

the stimulus presentation, or to other methodological
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variables.

: Research in this area since Shatz's, (1979) experiment
has also been somewhat contradictory. For example, Helldge
(1980) sometimes observed serial reaction time curves with
information presented to both the left and right visual
fields. At other times, he obtained reaction time curvés
in both wvisual fields which were indicative of: pa;allel
processing. However, Hellige was also investigating the
effects of quality of the stimuli used (i.e., whether or not
the stimuli were perceptually degraded) on reaction time,
and this variable may have affected the reaction time curves
obtained.. Madden and Nebes (1980) also demonstrated a
linear inc;;ase j{1 reaction Lime with an increase in set
size for 'both visual field presentations. It is very
difficult to compare these findings with Shatz's (1979)
fesearch because of many methodological differences between
the experiments.

Given the significantly larger number of trials on
which Shatz's reaction time curves are based, and the
stability of Shatz's results over three different
experiments using two sensory modalities, it is‘ argued
that Shatz's data are msre representative of the processing
strategies underlying each cerebral hemisphere. That is,
it is proposed that the serial versus parallel processing
issue may be wvaluable for understanding cerebral asymmetry.

Therefore, to avoid potential problems which could be
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attributed to methodological _ variables, the present
experiment more closely followed Shatz's (1979) methodology
than that of other research presented in the literature
review. ‘

Shatz (1979) performed three experiments in an endeavor
to "bring some order to the currently chaotic findings in
this field" (p. 14) and to evaluate cerebral laterality of
serial and parallel processing, using both wvisual and
auditory stimuli. The auditory stimuli in the first
experiment consisted of memory sets and probe stimuli
composed from a set of twenty-nine monosyllabic nouns. 1In
the second experiment, memory set and probe stimuli were
derived from a series of nine three-note chords. In each
experiment, memory set items were presentedy binaurally
to each ear at the same time. The probe stimulus was
presented in only one ear on each trial, with white noise
simultaneously presented to the other ear. By comparing
reaction times to the probe stimuli presented to the left
and right ears, éhatz could evaluate the processing strategy
which was utilized by each cerebral hemisphere.

In the third experiment, information was presented to
subjects via the visual modality. The memory set and probe
stimuli were derived from an ordered set of nine ‘sequential
drawings which depicted a man'diving cff a diving board.
These stimuli were adapted from DeRosa and Tkacz's (1976)

experiment which investigated the effects of organization
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of stimuli on reaction time. In the DeRosa and Tkacz
experiment, these stimuli were presented. to subjects 1in
either a sequential or a random order. (A random order of
presentation was found to result iﬁ serial processing;
when the items were ordered sequentially, paraliel proces-
sing occurred. However, DeRosa and Tkacz did not investigate
laterality of presentation (i.e., cerebral asymmetr&). By
using the DeRosa and Tkacz visual stimuli and by presenting
the probe stimulus to the left or right visual half field,
:Shatz could determine if serial or parallel processing
occurred within each cerebral hemisphere.

In all three experiments, Shatz observed serial react-
,ion time curves for stimulili presented to the left cerebral
hemisphere and parallel reaction time curves for stimuli
presented to the right cerebral hemisphere. These results
were obtained with both the auditory and the visual stimuli.
Iin addition, the results of the third experiment indicated
that the type of processing strategy within each cerebral
hemisphere . remained constant even though the stimuli had
been arranged to facilitate éerial or parallel prQFessing.
That is, items presented to the left hemisphere produced
reaction time curves consistent with serial processing,
regardless of whether the items were . sequentially or
randbmly presented. Items_prgsented to the right hemisphere
resﬁlfgd in reaction time curves consistent with parallel

processing, regardless of whether the items were sequentially
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or randomly presemnted.

On the basis of the results obtained in these experi-
ments, Shatz (1979) proposed a structuraliét model f
hemispheric function. Shatz perceives the 1left cerebral
hemisphere as being-a serial processor of information ané
the right cerebral hemisphere as a parallél processor. This
serial-parallel dichotomy is also implicitly referred to iﬁ
the Goldberg and Costa (1981) model of cerebral asymmetry,

_\ A
as will be discussed in tha.nextéSEction.

Cerebral Asymmetry and Task Novelty
\rt

Goldberg and Costa (1981) also proposed a structural

-/-\

model to explain cerebral asymmetry. The basis of this
model relies upon néuroanatomical differences between the two .
cerebral hemispheres. Investigation of these differences led
Goldberg and Costa to propose two distinct neuroanatomical
features. They .reported, first 6f all, that Y"areas of
sensory and motor representations are greater in the left
hemisphere, while the right hemisphere is characterized bf
greater areas of associative corteg." Second, '"the left
- .
hemisphere displays a'predominantly intra-regional pattern
of connectivity while the right hemisphere displays a pre-
dominantly inter-regional-pattern of connections" (p. 148).
Goldberg and Costa related these neurocanatomical

differences to distinctions in cognitive strategies between

the cerebral hemispheres. They proposed that "the right
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cerebral hemisphere 1is superior "for situations for which
nc task-relevant descriptive system is immediately available
in the subject's cognitive repertoire" (p. 154). The left
cerebral hemisphere is, superior for "any processing which
utilizes a well routinized descriptive system" (p.. 154)}.
In other words, although the right cerebral hemisphere is
dominant during the initial stages of acquisition of a novel
task, the left cerebral hemisphere is dominant once the task
has been fit into a breviously "routinized descriptive
system" or once a new descriptive system has been developed
to accommodate tﬁe task. Thus, a further requirement of
this model is the concept of a right-to-left shift of
hemispheric dominance during acquisition of a novel task.

To support this model, Goldberg and Costa (1981)
documented three categories of research. In the first
category, research was included which demonstrated different
patterns of hemispheric superiority in individuals who were
at different levels of performance with respect to a
particular coqpitive skill. For example, research was
reviewed in which a right ear (left hemisphere) advantage
was demonstrated on dichotic listening tasks for trained
_musicians,lwhile a left ear (right hemisphere) advantage was
obtained for non-musicians (eﬂg., Bever & Chiarello, 1974;
Johnson, 1977). .

A second scurce of suppert for the model was derived

from a review of studies which focused on the effects of
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early brain injury on la£er cognitive development. Specifi-
cally, Goldberg and Costa examined research in which the
right pemisphere was excluded from the learning process in
the early stages of 1life. Evaluation of these individuals
revealed an impairment in language acquisition (which is
typically viewed as being a left hemisphere function),
following a right hemisphere lesion sustained early in life.

The third source of experimental supportf and the area
of significance for the present experiment, was derived from
research in which a shift from right-to-left hemispheric
superiority was demonstrated during the acquisition of a
skill. , Experiments 1in this area have been presented by
‘Gordon and Carmon (1976) and, more recently, by Bilder.and
Rosen (Note 1). ‘ o

-Gordon and Carmon (1976) tachistoscopically presented
stimuli to the 1left or right visual field. Four types of
number stimuli weré used: -familiar numbers; Gothic-1like
numbers; binary numbers presented in dot format; and symbols
from the Digit Symbol test of the Wechsler Adult Intelligence
Scale iWechsler, 1955). The subjects! task was to recognize
the numbers as ’&G&ckly as possible. with the familiar
numbers, a right wvisual field (left hemisphere) supéiiority
was observed initially and remained throughout the session.
For the other three types of stimuli, superiority in rec-
ognition was initially found in the left wvisual field
(right hemisphere). However, over successive trials the

superiority shifted to the right visual field. -
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Bilder and Rosen (Note 1) investigated accuracy of
recognition arid reaction time for angle stimuli which were
tachistoscopically 'presented to the left or right visual
field. They repbrted that accuracy of recognition increased,
as a function of trials, for stimuli presented in the right
visual field (left hemisphere). There was no significant
change in accuracy of recognition with left visual field
(right hemisphere) presentations. Bilder and Rosen concluded
that a right-to-left shift of hemispheric superiority
eccurred as a result of practice. These articles, then,
provide support for a right-to-left shift in hemispheric
superiority during the course of learning a task as postul-

ated by Goldberg and Costa (1981).

Purpose of the Present Experiment

The two models presented above provide an information-
processing interpretation of cerebral asymmetry in opposition
to localization of function. That is, the au ﬁofs endeavour-
ed to elucidate cognitive strategies'rather than list the
cognitive functions which have traditionally been associated
with one or the other cerebral hemiéphere. One model
(Goldberg and Costa, 1981) focused on the concept of task
novelty and - representational codes to explain cerebral
asymmétry; the other (Shatz, l§79) relied upon description
of a specific processing strategy as determined by a

reaction time measure.
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There appears to be a similarity in the cognitive
strategies presented in these models: they both either
expiicitly or implicitly proﬁose that information is pro-

cessed in a parallel manner within the right cerebral

hemisphere in a serial manner within the :left cerebral
hemisphere. hese cognitive strategies are explicitly
referred by Shatz (1979) and are implicitly referred to

by Goldberg and Costa (198l1). That is, Goidberg and Costa
depict the right cerebral hemisphere as having a greater
neuronal capacity to process many modes of representation
within a single cognitive task, which is reléted to 1its
superiority for processing novel tasks. This strategy i;
. analogous to a parallel processing strategy in which many
‘Eomparisons can occur at one time. A parallgl processing
strategy would be more efficient with novel tasks because
many aspects of the stimulus could be incorporated simul-
taneously. The left cerebral hemisphere is viewed by
Goldberg and Costa as being superior for processing tasks
which require fixation upon a single mode of representation
or execution. | Tﬁis strategy 1is analogous to a serial
processing strategy, whereby comparisons are made one at a
time.

Comparison of these two models affords hypotheses for
iﬁvestigation. One. hypothesis is as follows: A right
hemisphere advantage with pafallel processing should be

obtaineq with a novel task and a left hemisphere advantage
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with serial-processing should be obtained with a familiar
task. A second hypothesis 1is related td the effect of
repeated exposure to an initially "novel" stimulus Speci-
fically, there should be a right-to-left shift in hemi pheral
superiority as a novel task becomes a familiar task,
coincident with a change from a parallel to a serial proces-
sing strategy. The present experiment was designed to
investigate these hypotheses. |

The present experiment incorporqted aspects of method-
ology utilized by both Goldberg and Costa (1981) and Shatz
(1979). The independent variables included: stimulus
familiarity, memory set size, laterality of probe, day of
testing session, and polarity of pfobe._ Visual stimuli were
selected for tachistoscopic presentation to subjects on the
basis of assumed familiarity or novelty of the’ stimuli. A

Tfixed-set" item recognition paradigm was include&lto differ-
entiate serial and parallel memory scanning (Sternberg, 1969,
1975), Memory set size varied from two, three, or four

items. If é lirear increase in reaction time was obtained

as a function of an increase in memory set size, a serial

memory écan was assumed. If no significant linear increase

in reaction time.was obtained as a function .of an increase

in memory set size, a parallel memory scan was assumed.

Laterality of presentation ‘'‘of the probe stimulus was
varied in order to invéstigate differences in processing

information between the left and right cerebral hemisphere.

“¥
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That is,'whenﬁvisual stimuli are tachistoscopically presented
to one or the other visual field, i;.is assumed thdt péuces-
sing occurs first in the cerebral hemisphere cdntralateral
to the wvisual field of presentation. Differences obtained
‘in' reaction t;mel are _assumed__to reflect hemispherai
differences. Three days of testing were included in the
experiment to ensure adequate time was available for
initiélly novel stimuli to become familiar. Polarity of
probe was included to investigate’ any differences in the
dependent measutes that might occur as a result of the pfobe
stimulus being positive or negative. -
The dependeht measures utilizeg in this experiment
included reaction time (in msec.) from onset of the probe
stimulus to subjects$uresponse and accuracy of discriminatiﬁn

(i.e., error data). Reaction time measures °

were used to
'diffe;entiate séfial and parallel processing strategies,
defined by fhe presence or absence of ‘a linear increase in
reaction time as a function of an increase in memory set
size for ser¥al and parallel processiﬁg ~ respectively.
Reaction éime measures were'also used to indicate‘hemispheral-
superiority for'processipg sﬁimuli; superiority defined by
lower rreactioq"time_ with .presentation to one cerebral
hemisphere in comparison to the other.

) Accuracy of recognition was utilizéd as another measure

of hemispheiél superiority, defined by'fewer errors ob%ained

with presentation to one cerebral hemisphere in comparison
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to the other. In addition, accuracy of discrimimation data
provided an indication of whetﬂer or not a right—to-left‘
shift in hemisphérai.‘superiority occurred for proceés%ng
novel stimuli. If this .shift occurred, a significaﬁt
decrease in errors with presentation to the left cerebral
hemisphere should be obtained and no significant decrease in
errors with presentation to the right cerebral h:kigphere
(Bilder and Rosen, Note 1);

Manipulation of the independent variables enabled
investigation of tE§(fgllowing predictions:

1. Reaction time curve; for stimuli presented in the right

visual fiéld (left cerebral hemisphere) would be indic-

ative of a serial ~processing strategy (i.e., there
would be a significant‘linear inqrease in reaction time
as a function of an increase in memory set size).

2. Reaction time curves for stimuli presented in the left
visual field (right cerebral hemisphere) would be
indicative of .a parallel processing strategy (i.e.,

no significant linear increase in reaction time would

+

be obtained as a function of an increase 'in memory set

size).
3. In general, there would be a decrease in reaction time
from day 1 to day 3. Reaction time obtained for

familiar stimuli would be lower than that obtained for
novel stimuli, although this difference would signifi-

cantly decrease from day to day, 3.
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Over all days, reaction time for familiar stimuli would
be lower with right visual field than left visual field
presentation. This reaction time measure would indi-
cate a left hemispheral superiority for processing
familiar stimuli.

On day 1, reactien time for novel stimuli would be
lower with left wvisual field than right visual field
presentation. This reaction time measure would
iﬂdicate right hemispheral superiority during the
initial stages of processing novel stimuli. However,
by day 3 the reverse effect would be obtained,
coincident with a right-to-left shift in hemispheral
superﬁority as novel stimuli become familiar.”

In general, there would be a decrease in errors from
day 1 'fo day 3. [Fewer errors would be obtained with
familiar stimuli in comparison to novel stimuli.

With familiar stimuli, a high level of accuracy of
discrimination would be observed for stimuli presented
to either cerebral hemisphere since subjects have had
extensive experience with these stimuli. Therefore,
a low error rate would be obtained, in comparison to
novel stimuli, with both left and right visual field
presentation of familiar stimuli over all 3 days of
the experiment.

With novel stimuli, error data was also used to deter-

mine whether or not a right-to-left shift in hemispheral
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Superiority occurred. It was predicted that there would
be a significant decrease in errors over day with right
visual field presentation and no significant decrease

in errors with left visual field presentation.




- CHAPTER 11
METHOD
Design

This experiment incorporated a 2 x 2 x 2 x 3 x 3
facterial design with repeated measures on all factors. The
indepFndént variables were: 1 stimulus familiarity, two
levels (familiar and novel); 2 laterality of probe, two
levels (left and right); 3 polarity cf probe, two levels
(positive and negative);. 4 'day of tésting session, three
levels (day 1, day 2, and day 3); 5 memory set size, three
levels‘(two, three, or four digits/angles in a set).

The variables of stimulus familiarity, laterality of
probe, memory. set size, and day of testing session w;}e
incorporated into the design to enable investigation of the
main predictions of the experiment as has been discussed in
tht Introduction. The experiment was continued over three
days in order to ensure that subjects had sufficient time
and experience with the "novel" angle stimuli so thét they
became "familiar" to enable investigation af,the prediction
of a right-to-left shift in hemisphere superiority. Pilot
t?sting with three subjects indicated that, with the angle
stimuli, ievel of performance reached a plateau on day 3
(i.e., no further notable dJdecrease in’ reaction time or

errors was observed between - days 3 and 4 for two subjects

34
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tested over 4 days, or between days 3 and 4 or 4 and 5 for
one subject tested over 5 days. Polarity of probe was
included to investigate any differences in reaction time that
might occur as a result of type of response required (i.e.,
positive or negative). On tke basis of previous research
(e.g., Shatz, 1979), no such differences were anticipated.

The dependent variables in this study included a
measure of reaction time (in msec.) from onset of the probe
stimulus to suﬁjects' response and a measure of accuracy of

discrimination of the stimuli (i.e., error data).

Subjects

Fourteen male students selected from evening courses
within the Psychology Department at the University of Windsor
vRlunteered to participate in this experiment. Subjects’

angéd in age from 19 to 44 years with a mean age of 24.14
years. All subjects were right-handed as determined by
their responses to a hand preference gquestionnaire (Appendix
%) reported by Coren and'Poréé (1978). On this question-
naire, 12 subjects endorsed all 8 items with a right hand
response and 2 subjects endorsed 7 out of 8 items with a
right hand response. all subjedts had normal or corrected
to normal vision. Subjects received course credit for
participation in the experiment where appropriate. Subjects
were apprised of +the purpose of the expg:iment upon

completion of all testing sessions.
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Stimuli and Apparatus

Stimuli. "Novel" and "familiar" stimuli were selected
in the following manner: digits were selected for present-
ation as familiar stimuli on the basis of assumed freguency
of occurrence and use in everyday communication, and angles
were selected as novel stimﬁli on the basis of assumed
infrequency Ef occurrence and use in everyday communication.
The familiar stimuli consisted of the digits from 1 to 9
printed in the typical Arabic script. The novel stimuli
consisted of a set of nine angles which varied with respect
to angle size (i.e., 30°, 66°, and 90°) and dégree of
rotation from a standard orien£ation of 0 degrees in a polar
coordinate system Si.e., 0°, 90°, and 180°). The angle
stimuli were adapted from those utilized by Bilder and Rosen
(Note 1) who also defined these stimuli as "novel" during
the early stages of presentation to subjects. Digit stimuli
were constructed using Geotype (GS-108) 24 pt. Helvetica
Medium Numerals,_and angle stimuli consisted of black ink
drawings on paper (Appendix B). ““\

Five blocks of trials were constructed for éach of
three memory set sizes (Size = 2, 3, and 4) for both
familiar and novel stimuli; Each trial block consisted of a
memory set stimulus followed by 12 probe stimuli. Stimuli
were randomly assiéned as memory set items with the con-

straints that digits/angles could not be repeated within a

memory set and that no memory set be replicated. Within
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each trial block, there wefe 6 positive and 6 negative probe
stimuli which were balanced across each visual field with
the constraint that a particular visual field not receive
more than three trials in succession.

The pzrobe stimuli were presented 6° to the left or
'right of the midpoint of the viewing screen. For memory set
size 2, each digit/angle appeared three times as a positive
probe; for set size 3 each digit/angle appeared twice; and
for set size 4 each digit/angle appeared at least once, with
two of the stimuli randomly selected to appear twice. On

the positive trials, the appearance of each digit/angle was

divided between the two visual fields as equally as possible.

On the negative trials, the digits/angles which did not
appear in the memory set were selected and balanced within
each wvisual field as equally as possible. The order of
p;esentation of memory set size (i.e., Size = 2, 3, and .4)
was randomly distributed within each of the familiar and
novel conditions with the constraint that one of each memory
set size appear in every 3 blocks of trials.

Apparatus. Stimulus slides consisted of black digits/
angles photographed against a white background, and were
rear-projected onté a 37 cm. by 37 cm. ground glasé screen
located in the center of a wooden frame (76 cm. in width,

60.5 cm. 1in height) wusing a Kodak 800 Carousel . slide

projector. An Electronic Tachistoscopic Shutter (Ralph

Gerbrand Co., Model #G1l165) was placed in front of the slide

35
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projector to enable tachistoscopic presentation of the probe
stimuli. A Lafayette Eight Band Program Timer (Model #52021)
was used towcontrol the time between presentation of slides
on. the carousel; timing on the Electronic Tachistoscopic
shutter; and a Huntér Model 120c timer which measured the
subjects' reaction time 1in msec. Subjects indicated a
positive or a negative response by pressing one of two
labelled buttons located on a rectangular box (43.3 cm. in
léngth; 25.4 cm. in width; and 10.2 cm. in height; with
buttons positiéned 14 cm. apart) placed in front of the
subject. When a button was depressed, one of two lights on
a monitor was illuminated, signalling either a posi£ive or
negative response visible only to the experimenter.

Subjects were seated at a table equippedlwith a B &L
chin.rest to maintain constant head position. The wviewing
distance from a subject's eyes to the center of the rear-
projection screen was 1 meter.

Procedure °

Each subject was tested over three consecutive Aays fdr
approximately 2 hours each day. Attempts were ‘made - to
schedule each subject for testing at approximately thevﬁgme
time on all three days, however, owing to conflicts in
schedules, - this arrangement was not always possible.' The 2
hour time period represented approximately 10 minutes.for

instruction and sample items, 25-30 minutes for presentation
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of familiar stimuli and 35-40 minutes for presentation of
novel stimuli, including 2 plannéd breaks during each
presentation. Approximately 5 minutes was required for
adéptation to the room and adjustment of the chair and B & L
headrest, and 5 minutes to complete the handedness question-
naire on the first day. ©On all 3 days, subjects were given
up to 5 minutes to study each card depicting familiar and
novel stimuli. In addition, on all 3 days subjects left the
testing room for a 20-30 minute break between the present-
ation of familiar and novel stimuli. - ,

All subjects received all. 15 blocks of trials for both
the familiar and novel stimuli on each day. The order in
which subjects received the stimuli was counterbalanced

across days. On the first day, half of the subjects were

LJ
presented with all of the stimuli from the familiar set

first, followed by the novel set; this order was reversed

for the remaining subjpcts.

Prior to the presentation of familiar or novel stimuli,

[ d
instructions concerning task require-

subjects received
ments and were given 24 practice trials using stimulus items
composed from letters of the alphabet to ensure that they
understood the tésk. Similar instructions and the same
general procedure was followed for the sample items as well
as for familiar and novel sfimuli. Hdwever, prior to

presentation of the familiar and novel stimuli, subjects

were allowed up to:'5 minutes to study a card on which all

{»
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stimuli were depicted. The card was removed from view prior .

to presentation of the stimuli. Subject instructions were
as follows:

On the screen in front of you, you will be shown a

series of slides on which these numbers/angles

appear. First of all} you will be shown a slide

which has either 2, 3, or 4 numbers/angles on it.

I want you to look carefullj at this slide and

try to memorize the numbers/angles on it. Take as

much timgtas you regquire to memorize this first

slide in the set, and please indicate.to me when

you have dong so. Then I want you to position

your head in the chin rest and-place the index

fingers of each hand on the positi&e and negative

buttons. I want you to focus your eyes on the dé;

in the center of the viewing screen and mainfain.

that position for the se:."ies of 12 slides that

will follow. Each slide will .be flashed on the

screen for a very brigf period of time. Thése

slides will have only‘one-number/angle on each,

and this number/angle will appear sometimes to the

left and sometimes to the right of the center of

the screen. Your task is_to indicate whether the
Y

single number/angle was _or was not in the set of

2, 3, or 4 numbers/angles that you memorized at

the beginning of the set. If the single number/
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anglé‘was a member of the set, I want you to press

\ -

the button marked "“positive" with the index finger

of your (left/right) hand. If the single number/

angleBZas not a member of the set, I want you to

press the button marked ”Negativé“ with the index

= finger of your (left/right) hand. I want'you to
respond as quickly és you possibly can but with as

few errors as possible. It is imperative that you

keep your eyes fixed on that center dot while the

Slide series is presented in order to ensure that

you berceive all the stimﬁli that are flashed. I

will inform you when we have completed one set and

are ready to start another one. Do &ou have any

guestions?

The button which was pressed to indicate a positive or

a negative response was counterbalanced across subjects.
Half of the subjects used their right hand to indicate a
positive response and the left hand to signal a negative
response; this order was reversed for the remaining subjects.
- Each subject was allowed as much time as reéuired to
memorize the stimuli presented in each meﬁory‘ set. The
duration of the probe stimulli was 100 msec., with an inter-
trial interval of 4 sec. A series of breaks was planned
after every 5 blocks of trials in order to ensure a subject's
maximum level of performance throughout the testing session.

Subjects were periodically asked at the end of the present-

ation of a set whether or not additional rest was required.

~ Y



CHAPTER III
RESULTS

The results of the present ,experiment are examined in
the following four sections. Inudthe first section, results
pertaining to analyses of reactioﬂ time data are presented.
The second section focuses on analyses which were performed
on error dafa. In the third section, analyses used to
differentiate serial versusr paralrei processing are
described. Finally, significanf effects which were not

directly related to the hypotheses of this experiment .are

reviewed. . Vo

Reaction Time Data

A histogram obtained on reaction time data (SAS pro-
cedure CHART, 1979) revealed that the distribution of scores
was skewed towards the 1lower end of observed scores.
Reaction time scores (measured in msec.) were subjected to a
reciprocal transformation pfbcedure (Winer, 1971) and the
resulting distribution .approximated a nor@al curve. The
reciprocal scores were multiplied by a factor of 1000 in
order to eliminate means beginning with zero which resulted
from the reciprocal transformation proceduré. A summary of
means and standard deviations of transformed reaction time
data by day, stimulus, memory set size, laterality, and

42
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polarity is presented in Table 1.
Transformed reaction time data were subjected to .an

analysis of variance (ANOVA) for a 2 X 2 X,2 X 3 X 3

factorial design with repeated measures on all. factors.

These ﬁﬁétors included stimulus familiqfity, laterality of
probe, polarity of probe, day of testing session, and memory
set size. A summary of statispically significant gssults is
presented in Table 2 and the complete ANOVA¥9n~tr£nsformed
reaction time data is presented in Appeﬁdik c.

It was predicted that there would be an overall decreage
in reaction time from day 1 to day 3. Inspection of mean
reaction time by day (Table 1) reveals thag\there was a
reductlon in reaction time from day 1 to day 3. A signifi-
cant main effect of day was'oﬁtaihed in the ANOVA (E(2, 26)
= 38.93, p< .0001); comparisons between means indicated‘that
this decrease in reaction tiﬁe was statistically significant
between days 1 and 2 and beﬁween days 2 and 3.(p-<..05).1
These findings pfovide support fér the ‘prediction of a
decrease in reaction time over day.

It was predicted that-reaction time for familiar stimuli.
would be lower in comparison to reaction. time‘ for novel
stimuli. It was anticipated that this difference in reéction
time between familiar and novel stimuli would become less

over day. Means for familidr and novel stimuli as a function

lThese comparisons and all . subsequent comparisons
between means were.tested by the Tukey (a) procedure (Winer,
19%1).

P T _——— A A aE4 ks e a we Beb e et ek o e b oo
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-Means and standard deviations by day, stimulus, memory set

size, laterality, and polarity for reaction time data

N
-4 Transformed Data Raw Data

Variable Mean (S.D.) Mean (%.Du)
Day ‘

Day 1 1.4088 (0.6137) 874.25 (465.65)

Day 2 1.5930 (0.6137) 742.98 (357.93)

Day 3 1.7115 (0.6233) 678.12 (302.44)
Stimulus

Familiar 1.9134 {(0.5709) 574.48 (198.05)

Novel 1.2288 (0.4816)  955.76 (438.54)
Memory Set Size )

Size = 2 1.7027 (0.6973) 693.53 (331.86)

Size = 3 1.5547 (0.6097) 765.69 (376.01)

‘,‘Size = 4 1.4559 (0.5946) 836.14 (441.25)

Laterélity _ T

Left Visual Field - 1.5623 (0.6188) 766.06 (384.80)

Right Visual Field 1.5799 (0.6396) 764.18 (395.18)
Polarity , '

Positive 1.6533 (0.6755) 733.54 (379.63)

Negative \ «1.4889 (0.5677) 796.70 (397.65)
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Table 2
R :

Summary of significant results obtained in

analysis of variance on transformed reaction time data

Source ss - df MS F

Day : .234.55 2 117.28 38.93 **xxk
error 78.32 26 ' 3.01 "

Stim 1771.23 1 1771.23 219 .70 #*%k*
error 104.81 13 8.06

Size 155.48 2 77.74  118.56 ***x
error 17.05 26 . 0.66

size X Hat 2.18 2 1.09 . 6.76 **
error . 4.19 26 O.ﬁé ’ .

Stim X Size X Lat 0.43 2 0.22 4.25 *,
error 1.33 0 Lo

"Pol 102.13 2. 54.15 **%*
error 24.52

Day X Pol 3.55 1. 5.24 *%
error 8.81 0. ’

Stim X Pol 9.98 9. 12.97 #xx
.error 9.99 0. '

Stim X Size X Pol 1.47 2 0.74 4.62 *
error 4.13 T 26 0.16
* < .65

* % < .01
LR < .005
*%kx% p < ,0001
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of day are presented in Figure 2 and Table 3. Inspection of
these means reveals that reaction time for familiar stimuli

was lower than reaction time for novel stimuli on all 3
days. .

The ANOVA revealed ; significant main effect of stimulus
(F(1, 13) = 219.70, p< .0001) and compariscns between means
indicated that reaction time for familiar stimuli was signi-
ficantly lower than reaction time for novel stimuli on all 3
days (p < .05). ©No significant day X stimulus interaction
was obtained in the ANOVA, indicating that the difference in
reaction time between familiar and novel stimuli did not
signifiéantly decrease over day. Additional comparisons
between means revealed the reduction in reaction time for
novel stimuli to be significant between days 1 and 2 and
days 2 and 3 (p <.05). The decrease in reaction time for
familiar stimuli was significant only between days 1 and 2
(p < .05). In summary, these findings provide support for
the prediction of lower réaction time for familiar stimuli
in comparison to- novel stimuli. These findings do not
sﬁpport the prediction that this difference in reaction time
Between familiar and novel stimuli would become_ less over
day. ;

. v . L.

Differences in hemispheral superiority for processing

fémiliar and novel stimuli were anticipated. Hemispheral

superiority was defined by significantly lower reaction time
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Figure 2. Mean raw reaction time for familiar and novel

stimuli as a function of day
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Table 3

Mean transformed reaction time for familiar and novel stimuli

as a function of day, laterality, and day X laterality

Stimulus
Familiar Novel
Variable Mean (S.D.) Mean (S.D.)
Day _
Day 1 1.7670 (0.5654) 1.0505 (0.4205)
Day 2 1.9469 (0.5498) 1.2392 (0.4479)
Day 3 2.0261 (0.5663) 1.3968 (0.5083)
Laterality
Left Visual Field 1.8966 (0.5619) 1.2281 .(0.4762)
Right Visual Field 1.9302 (0.5793) 1.2296 {0.4870)
Day X Laterality s
Left Visual Field
Day 1 1.7480 (0.5433) 1.0588 (0.4247)
Day 2 1.9346 (0.5484) 1.2383 {(0.4457)
Day 3 2.0071 (0.5621) 1.3871 (0.4975)
Right Visual Field
Day 1 1.7861 {0.5864) 1.0422 (0.4164)
Day 2 1.9592 (0.6510) 1.2400 (0.4503)
Day 3 2.0452 (0.5700) 1.4066 (0.5189)
-
Note. Means are based on transformed reaction time data

(reciprocal ~transformation); therefore increasing

values represent decreasing reaction time.
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for stimuli presented to one€ visual field in comparison to
the other. With respect to familiar stimuli, it was
predicted that reaétion time would be lower with right
visual field présentatioﬂ. Examination of méans for
familiar “stimuli .for left and right wvisual field
presentation (Table 3) indigated that reaction time was
lower with right wvisual field presentation on all three
days. Comparisons between means revealed this difference to
_ be significant on all 3 days (p <.05). These findings
support the. predicfion of a right wvisual field (left
cerebral hemisphere) superiority for processing familiar
stimuli. ‘

With respect to novel stimuli, it was predicted that
reaction time would initially be lower (bn day 1) with left
visual field than right visﬁal field presentation. Hdwever,
over 3 dﬁys of testing these reaction time measures were
expected to reverse, indicating a right visual - field
advantage for processing novel stimuli. Although the
differences between left and right visual field presentation
were in the predicted direction on day 1 and day 3
(Table 3), comparisons between means revealed that these
differences were not significant for any déy-of'testihg.
Consequently, there was no opportunity to observe a sub-
sequent right-to~left shift in hemispheral superiority for

processing novel stimuli with reaction time data.
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Error Data RN

An error was recorded whenever a subject gaff/)an
inceorrect response to a probe stimulus (i.e., pressing the
"positive" button to a negative probe or the "negativeﬁ
button to a "positive probe). Each error was_ assigned a
ﬁumefic value of "1" and correct responses were assigned a
value of "0Q".

The error rate observed in the present experiment“is
consistent with previous research. The overall error rate
was 1.9% for familiar stimuli and 9.8% for novel stimuli.
These error rates correspond to previous researéh utilizing
the memory scanning paradigm, where the error rate ranged
from 1.4% (Klatzky & Atkinson, 1971) to 16.8% (Cochen, 1973).
- A summary of means and standard deviaﬁionslfor error
data by day, stimulus, memory set size, laterality, and
polarity is presented.in Table 4. Error data were subjected
to an analysis of variance for a 2 X 2 X 2 X 3 X 3 factorial
design with repeated meésures on all factors. These factors
included stimulus familiarity, laterality of prcbe, polariﬁy
of probe, day.of testing session, and memory set size. GA
summary of statistically significant results is presented in
Table 5 and the complete ANOVA for error data i1s presented
in Appendix D. ,

It was prediéted that there would be an overall decrease

in_number of errors from day 1 to dé& 3. Inspection of mean

errors by day (Table 4) reveals that there was a reduction

L
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Table 4
Means and standard deviations by day, stimulus, memory set

size, laterality, and polarity for error data

4

Variable * ' Mean (s.D.) 2
Day .
Day 1 0.0823 (0.2749)
Dayg 2 ‘ 0.0554 (0.2287) :
Da§ 3 ' 0.0375 (0.1900) \55
Stimulus . ‘ ‘.
Familiar 0.0193 (0.1376)
\V/ : Novel 0.0975 (0.2966)
Memory Set Size ‘
Size = 2 0.0403 (0.1966)
Size = 3 0.0577 (0.2333)
Size = 4 0.0772 (0.2669)
. L 4
Laterality ) .
Left Visual Field 0.0643 (0.2453) '
Right Visual Field 0.0525 (0.2231)
Polarity
Positive 0.0671 (0.2501)
Negative 0.0497 - (0.2174)

- ~ B
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Table 5
= Lo
Summary of significant results obtained in-
analysis of variance on error data
{source Ss df MS F
Day 5.14 2 12.57 18.74 *%*x%
error 3.38 26 0.13
Stim . . 23.10 1 23.10 26.60 ***
error W27 11.29 13 0.87
Day X Stim 3.74 2 1.87 14 .68 #**%*%
error 3.32 26 0.13
Size 3.44 . . 2 1.72 12.71 *%*%*
error 3.51 26 0.14
Stim X Size 1.68 2 0.84 777 k%
error 2.81 26 0.11 '
Day X Stim X Size 0.61 = 4 0.15 2.66 *
error 3.00 52 0.06
Lat 0.52 1 0.52 7.81 %
error 0.87 13 0.07
Pol 1.13 1 1.14 8.35 **
erroxr 1.77 13 0.14 :
Stim X Pol 1.00 1 1.00 9.69 **
error 1.34 13 0.10
Lat X Pol 0.28 1 0.28 6.61 *
error 0.55 13 0.04
* < .05
** < .01
hkk < .001
kkkk B

.0001 . '
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in errors over day. A significant main effect of day was
obtained in the ANOVA (F(2, 26) = 19?74,_ p < .0001).
Comparisons between means indicated that this decrease in
errors'&as significant betweeh days 1 and 2 and between days
2 and 3 (p<« .05). These findings provide support for the
prediction of a decrease in errors over day.

It was predicted Ehat fewer errors wouid be obtained
ﬁith presentation of familiar stimuli in comparison to novel

stimuli. Inspection of mean errors for familiar and novel

.stimuli (Table 4) reveals that there were fewer errors for

familiar stimuli. A significant main effect of stimulus
(F(1, 13) = 26.20, p <.001) provided support for this pre-
diction. Additional comparisons between mean errors for

familiar and novel stimuli by day (Table 6) revealed that
there were significantly fewer errors for familiar stimuli
on all 3 days of presentation (p< .05). ’

The error rate for familiar stimuli was not expected to
vary over day, whilé a significant decrease in errors was
predicted for novel stimuli. Mean errors by day for familiar
and novel stimuli are presented in Table 6 and Figure 3.
Examination of these means reveals a notable reductiorf in
" errors over day only for novel stimuli. A significant day X
stimulus interaction was found (F(2, 26) = 14.68, p-:.OOOi)
and analysis of ;imple effects indicated that there was a
significant decrease 1in errors over day only for novel

stimuli (F(2, 52) = 34.23, p«< .00l1). Comparisons between

Fl

s
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- Table 6
w, Mean errors for familiar and novel stimuli
as a function of day, laterality, and day X laterality
Stimulus
Familiar Novel
Variable Mean (s.D.) Mean (5.D.)
Day .
Day 1 0.0234 (0.1512) ¥ 0.1413 {0.3484)
Day 2 0.0175 (0.1310) 0.0933 (0.2908)
Day 3 0.0171 (0.1295) 0.0579 (0.2337)
Laterality
Left Visual Field 0.0270 _X6T1621) #.1016 (0.3021)
Right Visual Field 0.011é (0.1073) .0.0934 (0.2910C)
Day X Laterality ’ '
Left Visual Field
Day 1 0.0262 (0.1598) 0.1508 (0.3580)
Day 2 0.0286 (0.1667) 0.0921 (0.2892)
Day 3 _ 0.0262 (0.1598) 0,0619 (0.2411)
Right Visual Field
Day 1 0.0206 (0.1422) 0.1317 (0.3383)
Day 2 0.0063 (0.0795) 0.0944 (0.2926)
Day 3 0.0079 (0.0888) 0.0540 (0.2260)

s
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means-iﬁdiCated that this decrease in errors was signifi-
cant between days I andg? and between days 2 and 3 (p<.05).
No significant change in error rate over day was found for
familiar stimuli. These findings support the ?rediction of
a differential decrease in errors over day for“familiar and
novel étimuli; )

Differences 1in hemispheral superiority, defined by
significantly fewer errors for stimuli presented to one
visual field in comparison to the other, were anticipated.
The ANOVA ‘on error dafa revealed a significant main effect
of lateraiity (F(1, 13) = 7.81, p<.05) which indicated that

there werée fewer errors overall with right wvisual field

presentation than with\Légt visual field presentation.

With respect to familiar stimuli, it was predicted that

there would be no difference in error rate between left and
right visual field presentation. Comparisons of mean errors
for left and right visual field presentation summed across
day (Table 6) revealed that there weré significantly fewer
errors with right visual field presentation (p < .05). At
each day there were fewer errors with right visual field
presentation (Table 6), although this difference was
statistically significant. only at day 2 (p < .05). These
findings do not support the prediction®of no difference in
error rate between left and right visual field presentation
for familiar stimuli; fgwer errors were obtained with right

visual field presentation.

Y
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h}ith respect to novel Sj:ir_nuli, il't-‘:;aas predicted that
o there would be a sigI:1ificant decrease in érrprs over day.
with right visu.al field -presentai:ion and no decrease in
errors over day with left wvisual f‘iel_d présent'ation. ,.
Mean errors for novel stimuli by day and l&'e‘ralifcy are
bresented in Table 6. Comparisons between means for novel
stimuli indicated that, for both left anﬁ\r\i@ﬁ;ﬁél field
presentations, there was a significant decrease in errors
between aays 1l and 2 and days 2 and 3,_1p<:05). '].‘hus:| these
findings do not appear'éo support the hypothesis of a right-
to-left shift in hemispheral superior'ity for processing
novel stimuli utilizing tﬁe measure suggested by Bilder and
Rosen (Note 1). B ﬁq]

In "addition, there did not appear to be a consistent

_/\ pattern of errors attributable to laterality of presentation.

Fewer errors were found on dayé 1 and 3 with right visual ' y
field presentation and fewer errors on day 2 with ‘left§e’
visual‘presentatidr;. Comparisons between means revealed

that there were no significant differences in error rate
between left and right visual field presentations on any

day of ®#esting.

. - r's
’ a . .

Serial versus Parallel Processing

A main hypothesis of the present experiment concerned
differential memory scanning between the left and right

cerebral hemispheres. Specifically, it was predicted that
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reactién time curves . for- stimuli _bresented to the left
cerebral hemisphere would be indicative ‘of a serial process-
ing strategy, defined by -a sjgnificant linear, increase in '
reaction time as ga_functi;n of an increase in memory set
size. .It was predicted that reacﬁioh time curves for stimuli
presented to the right cerebral hemisphere would bé in-
dicative of a ﬁarallel processing strategy, defined by no
significant linear increase in reaction'timé as a funcﬁion
of an increase in memory set size. A summary of means for
laterality X set size for familiar and novel stimuli is
. presented in Table 7. Figures 4 and 5 present mean reaction
time in msec. for left and right visual field presentation
as a function o,f mémory set size, for familiar and novel
stimuli respectively.

Examination gf means for familiar and novel stimuli as
a function of laterality and set size (Table 7 and Figures 4
and 5) ind%cates that there was an»incree§% in réaction time
as a result of an increase in memory set s;ze with both leftr
and riéht visﬁa* field presentation. -A significagt stimulus
X.size X laterality interaction was obtained in the OVA on-
reaction time data (F(2, é6) = 4.25, p<.05). Analysis of

simple effects of this

set size to be\gﬁ i (A or familiar and novel stimuli

field pfesentation [familfar,

-,
S
{

1eft visual field (E(Zf.él)-= 54.37, p<.001); familihr,

. . . L /o
right wvisual field (F{(2, 91) = 82.11, p < .001); Qovel,
.o ’ ’
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Mean transformed rea Eion time for familiar and

novel stimuli as a function of laterality X set size
Y

- Stimulus
Familiar Novel

Variable " Mean (s.D.) Mean (s.D.)
: b

Laterality X Set Siz
Left Visual Field -
Size 2 2.0099 (0.5968)

' Size = 3 1.893; 482)
ySize.= 4 1.786% (0.5I87)
Right Visual Field '

.3496 (0.4925)
.2290° (0.4614)
.1056 (0.4420)

(|

(SRS

Size = 2 2.0847 {(0.6195) 1.3665 (0.5180)
Size = 3 ' 1.8832 - (0.5565) 1.2133 (0.4685)
Size = 4 1.8226 (0.5254) 1.1089 (0.4365
T .
Note. - Means are based on transformed reaction time data,\
. (reciprocal transformation); therefore increasing
' values represent decreasing reaction time.
)
L 4
&,
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left visual field (F(2, 91) = 64.91, p < .001; novel, right
visual field (F(2, 91) = 73.20, p <.001)]. Comparisons

between means indicated that the increase in reaction time

. was significant between set §3ze 2 and 3 and set size 3 and

]

4 for familiar and novel stimuli with left and right visual
field presentation (p:Q.OS).

Trend analyses of these reaction time_data were done to
further evaluate the increase in reaction time as a function
of an‘ incréase in memory set size. A summary of these
results is presented in Table 8. Transformed reaction time
data were not used in these analyses as the reéiprocal
transformation would not allow non-linear trends to emerge.

‘Trend analyses revealed signifiéént linear components
with both left and right visual field presgntation for
fami}iar and novel stimuli: ﬁo significant quadratic
components were og£ained in the analyses (Table 8). These
linear trends are notably larger for novel stimuli as
indicated by. greater sums of squares and a more rapid in-
crease in reaction time per unit increase in memory set .size
({i.e., comparison of Figures 4 and S). In summary, these
findings may be consistent with a.serial memofy scan iﬂ'boph
the left and right cerebral hemispheres (i.e., there is‘a>
significant linear increase in reaction time as a function
of an increase in memory set size). Thus, the findings of
the present experiment do not support’/Ebe”'hypothesis of

differential memory scanning between the left and right

-

J

cerebral hemispheres.
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Table 8
Summary of trend analysis on set size X stimulus

X lateraiity interaction (raw reaction time data)

Source SS daf . MS F

Set Ssize (Linear)

Familiar, LVF 2736102.1 1 2736102.1 18.01 *
Familiar, RVF 3377008.9 1 3377008.9 22.23 *
Novel, LVF 31585349.0C 1 31585349.0 207.87 *
Novel, RVF 27103862.0 1 27103862.0 178.38 *
Set Size (Quadratic)
Familiar, LVF 22755.2 1 22755.2 1
,//// Familiar, RVF 379652.6 1 379652.6 2.50
Novel, LVF 341757.8 1 341757.8 2.25 \
Novel, RVF 47680.9 1 47680.9 1
error 15802355.0 104 151945.72
* p < .001
o
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Subsidiary Analysis

In this section, significant effects which were obtained
in analyses of reacgion time and error data but were not
germane to the hypotheses of the present experiment are
reviewed. These findings-inciude the effect of memory set
size on error rate, and the effectg of polarity of brobe on
both error rate and reaction time. '

~No difference in error rate was anticipated as a
function of memory set size. However, the ANOVA on error
data revealed a significant main effect of set size (F(2, 26)
= 12.71, p < .0001) which indicated that number o¥ errors
increased as a result of" an increase in memory set size.
Comparison of means (Table 4) revealed that this increase in
errors was significant only between set size 2 and 3
(p<.05).

Memory set size appeared'to have a differential effect
on error rate for familiar aﬁd novel stimuli. A significant
day X stimulus X size iqteracti?n was obtained in the ANOVA
on error data (F(4, 52) = 2.66, p<.05). Analysis of simple
main effects of this interaction indicated that there was a
significént increase in errors as a function of an increase
in memory set size only for hovel stimuli at day 1 (F(2, 156)
= 23.29, p<.001) and day 2 (E(2, 156) = 12.55, p<.031).

Means for familiar and novel stimuli as a functioh of
set size and day X set size are presented in Table 9.

Comparison of mean errors for familiar stimuli revealed no
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Table 9
Mean errors for familiar and novel stimuli

as a function of set size and day X set size

Stimulus
Familiar Novel
Variable Mean ($.D.) Mean {(5.D.)
Set Size
Size = 2 0.0139 (0.1171) 0.0667 (0.2495)
Size = 3\\““~\ 0.0190 (0.1367) 0.0964 (0.2952)
Size = 4 0.0250 (0.1562) = 0.1294 (0.3357)
Day X Set Size
Day 1
Size =. 2 0.0167 (0.1281) 0.1000 (0.3002)
Size = 3 0.0238 (0.1525) 0.1321 (0.3388)
Size = 4 0.0298 (0.1700) 0.1917 {(0.3938)
Day 2 -
Size = 2 0.0179 (0.1325) 0.0571 (0.2323) .
Size = 3 0.0119 (0.1085) 0.0976 (0.2970)
Size = 4 0.0226 (0.1488) 0.1250 (0.3309)
Day 3 ) ,
Size = 2 0.0071 (0.0843) 0.0429 (0.2027)
Size = 3 0.0214 (0.1449) 0.0595 (0.2367)
Size = & 0.0226 (0.1488) 0.0714 (0.2577)
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significant change in error rate attributable to memory set
size. Comparison of means for novel stimuli indicated that
the increase in errors was significant between set si?e 2
and .3 ag& between set size 3 and 4 (p<.05). Comparison of
mean errérs for novel \stimuli at each day of testing revealed
a significant increase in errors between set. size 2 and 3
and set size 3 and 4 at day 1, and between set size 2 and 3
at day 2 (p< .05). No statistically significant increase in
error rate attributable to memory set size was obtained on
day 3. ! |

Polarity of probe (i.e., whether the probe stimulus was
positive or negative) was not expected to affect reaction
time or error rate. However, significant effects attribu-
table to polarity were found in analyses of reaction time
andierror data. A summary of these findings and additional
analyses concerning polarity of probe will be presented.

The ANOVA on error data revealed a significant main‘
effect of polarity (F(1, 13f = 8.35, p<.0l1l) which indicated
that there were more errors overall when thé probe stimulus
was positive than when it was negative (Table 4). Polarity
of probe appeared to have a differential effect for familiar
~and novel stimuli (Table 10). A significant' stimulus X
polarity interaction was obtained in thé ANOVA on.error data
(F(1, 13) = 9.69, p< .01). Analysis of simple main effects
revealed that, there were significantly more errors to the

positive probe than to the negative probe only for novel

ki

o 3!
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Table 10

Mean errors for polarity of probe as

a function of stimulus and laterality

Polarity of Probe

Positive Negative

Variable Mean (S.D.) Mean (s.D.)
Stimulus . /

Familiar 0.0198 (0.1395) 0.0188 (0.1358)

Novel 0.1143 (0.3182) 0.0807 (0.2724)
Laterality \ ‘

Left Visual Field 0.0772 (0.2670) 0.0513 (0.2207)

Right Visual Field 0.0569 (0.2316) 0.0481 (0.2141)

S
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stimuli (F(1, 26) = 17.83, p<.001).
°  Polarity ofﬁprobe was also found to have a differential
effect on error rate as a functioﬁ’)ggzi;isual fiedd of
presentation (Table 10). The ANOVA on error data revealed
a significant laterality X polarity interaction (F(1, 13)
= 6.61, p<.05). Analysis of simple main effects indicated
that there were significantly mere errors to the positive
probe than to the negative probe only for left visual. field
‘" presentation (F(1, 26) = 14.36, p<.001).

Significant effects attributable to polarity of probe
were also obtained in analyses of reaction time data. There
was a significant main effect of polarity (F(1, 13) = 54.15,
P < .0001) which indicated that reaction time was faster to
the positive probe than to the negative probé (Table 1). A
significant day X polarity interaction was also found in the
ANOVA for reaction time data (F(1, 13) = 5.24, p < .0l).
Analysis of simple main effects revealed that reaction time
was significantly faster to the positive probe than to the
negative probe on each day of testiné [polarity at day 1
(E(1, 39) = 23.11, p <.001); polarity at day 2 (F(1, 39)
= 41.56, p < .001); polarity at day 3 (F(1, 39) = 58.99, .
p<.001)].

A significant stimulus X set size X polarity interaction

was obtained in the ANOVA for reaction time data (F(2, 26)

= 4.62, p<.05). Examination of means for polarity of probe

by stimulus and memory set size (Table 11, Figure 6)
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Table 11
Mean transformed reaction time for polarity of probe as a

function of day, stimulus, and stimulus X memory set size

Polarity of Probe

Positive Negative
Variable Mean (S.D.) Mean (§.D.)
-
Day i .
Day 1 1.4714 (0.6533) 1.3462 (0.5645)
Day 2 1.6770 (0.6615) 1.5091 (0.5493)
Day 3 < 1.8115 (0.6678) 1.6115 (0.5578)
Stimulus )
Familiar 2.0212 (0.6078) 1.8055 (0.5090)
Novel 1.2853 (0.5219) 1.1723 (0.4303)
Stimulus X Set Size
Familiar
Size = 2 2.1550 (0.6236) 1.9395 (0.5750)
Size = 3 1.9901 (0.6083) 1.7863 (0.4684)
Size = 4 1.9185 (0.5661) 1.6906 (0.4430)
Novel
Size = 2 1.3866 (0.551%) 1.3296 (0.4535)
Size = 3 1.2856 (0.5064) 1.1567 (0.4095)
Size = 4 1.1838 (0.4867) 1.0307 (0.3704)
Note. Means are based on transformed reaction time data

(reciprocal transformation); therefore.increasing

values represent decreasing reaction time.
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suggested that reaction time was faster to the positive

probe than to'the negative probe at all levels of memory set

size. Analysis of simple main effgcts of this interaction

‘revealed that for familiar “stimuli, reaction time was

significantly faster to the positive probe at all levels of
memory set size. For novel stimuli, reaction time was
significantly faster to the positive probe only at set size
3 and 4 (Appendix E)l ‘,

Of notable interest in this data is the observation of

. + + . . , »
a differential increase 1in reaction time for positive and

negative probes as a function of an increase in memo;y-set
size for familiar and novel stimuli.(Figure 6): That is,
with respect to familiar stimuli, there is no apparent
difference in the rate‘of'incfease in reacticn time per unit
increase in memory set_size for positive and megative probes.
Regression analysis revealed a similar rate of increase for
positive and negative ﬂ%%bes: the increase Ih reaction
time per unit increase in set size was 31.3 msec. for the
positive probe/and 38.5 msec. for the negative probe. The
rate of increase for the positive probe was QO% of that for
the negative probe, and the difference was not éignificant‘

as.sno set size X pblarity' interaction was obtained for

familiar stimuli.

For novel stimuli, there appeared to be a differential
increase in reaction time per unit increase in memory set

size attributable to polarity of probe. There was a si@ni—
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- 1]

ficant difference between positive and negative probes as a

" function of memory set size (as indicated by the set size X

polarity interaction ébr novel stimuli). Regression analysis
rgﬁealed that the rate of increase in reaction time per unit
increase in memory set size was 134.4 msec. for the.negative
probe and 81.3 msec. for the positive probe. The rate of
inc:ease for the positive probe is 60% of that for the
negative probe. These findings indicate that, for nove£

stimuli, there was a different@al effect of polarity of probe

on the increase in reaction time observed as a function of

an increase in memory set size. ’

r T e



CHAPTER IV
DISCUSSIOH\\

The findings of the present experiment will be reviewed
in the following manner. First, the results will be
summarized with .respect to whether or not they provided
support for the hypoﬁheses of the present experiment.
Second, the relationship of the results obtained in the
present experiment with previous research will be discussed.
Finally, suggestions for future research w?ll be proposed.

Summary of Results

The central focus of the present experiment was
cesebral ‘asymmetry. Hypothesés for investigation were

derived from compariscn of two recent models which provided

an information-processing interpretation of _cerebral

asymmetry. One model (Goldberg & Costa, 1981) accounted for
cerebral asymmetry on the bak&s of task novelty, and encoda-
bility of stiguli. The second model (Shatz, i979) proposed
that égrébtal gg;ﬁmefry was related to the type of memory
scanning- strategy utilized in the left and right cerebral’
hemisphere. - -

One hypothesis of the present experiment stated that "A
right hemisphere advantage with parallel,processing should

73
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be obtained with a novel task and a left hemisphere advantage
with serial processing should be obtained with a familiar
task." A second hypothesis concerned the effects of
repeated exposure to an initially novel stimulus.
‘Specifically, the second hypothesis stated that 'There
should be a right-to-left shift in hemispheral superiority
as a novel task becomes a familiar task, coincident with a
change from a :parallel to a serial processing strategy."
The results of the present experiment will be reviewed as
they pertain to these hypotheses.

In order to eQaIuate the support for these hypotheses,
it must first be defermined 1f there were any differences®
in hemispheral superiority for processing familiar and novel
stimuli. With respect to familiar stimuli, a right visual
field advantage was observed in both reaction time and error
data. That 1is, reaction time was significantly lower and
signifi;antly fewer errors were obtained with right wvisual"
field présentation. These findings indicate that,there was
a left hemisphefal superiority for processing familiar
stimuli, as had‘?een predicted.

*ith respect to novel stimuli, no significant differ-
ence in reaction time or error rate was observed between
left and right wvisual field presehtation.' These findings
indicate that there was no initial %fft visual field (right
hemisphere) advantage for p;océssing novel stimuli.

Consequently, there was no opportunity to observe a subse-
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quent right-to-left shift in hemispheral superiority for
processing novel stimuli, as had been predicted.

Evaluation of the memory scanning strategies was con-
tingent upon distinguishing between the processing methods.
A further requirement for differentiation of serial and
parallel processing was the observation of different reaction
time curves for left and right,visual.field presentation.
Results of the present experiment ipdicated that, with both
left aﬁd right visual field presentations, there was a
significant linear increase in reaction time as a function
of an increase 1in memory_sef size. Thus, thére were no
appareht differences in memory scanning strategy between the
left and right cerebral hemisphéresf

The results obtained with respect to the serial-parallel
dichbtomy and llaterality differences were inconclusive.
That is, on the basis bf Sternberg's (1969, 1975) definition -
of serial and parallel procéssing, it is accepteﬁ that, if
differént reaqtion time curves are obtained for left and
ridhf visual field presentatioﬁ, different processing
straiegies afe dndicéted. However, in the absence of differ-
ential reaction time curves, it becomes difficult to
distinguish sefial and parallél processing (Shatz, 1979;
Townsend, 1972). Thus, within the present experiment,
serial and paréllel processing could not be differentiated
since reaciton time curves were similar for both left an
right visual field presentatiéq.

4
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In summary, the hypotheses of the present experiment
were only partially supported. There was a left hemispheral
superiority obtained for processing familiar stimuli.
However, nc initial right hemispheral superiority for
processing novel stimuli was observed. Conseqguently, the’
hypothesis.of a right-to-left shift in hemispheral superior-
ity for processing anovel stimuli could not be evaluated.
The hypothesis concerning differential memory scanning
between the left and right cerebral hemispheres cbuld not
be“evaluated since serial and parallel processing> ould not
ber differentiated on the basis of the findings obtained in
the present experimenf.
Sevéral additional predictions were mad as a
consequence of the main hypotheses of the present experiment,
but were not directly relevant to these hypotheses. The
results of the present experiment with respect to these‘
predictions will now be addressed.
It was anticipated that'there would be differences in
reaction time and error rate between stimulus items selected
and defined \és “familiar" and "novel." The majority gf.l
tﬁese predictions were supported. - There was an -overall
. sﬁperiority dbservgd for processing familiar stimuli in
' comparison to novel stimuli,_as indicated by significantly

lower reaction time and fewer %rors obtained on all three
-days. v However, the differenée .in reaction time between

familiar and novel stimuli did not become 'significantly less
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by day 3, as had been predicted. These fihdings indicate
that there was a distinction between stimuli c¢lassified as
familiar and novel which was maintained throughout the
course of the experiment.

-l

! Several predictions pertained to changes in per formance
over time, and all of these prediééions were supported.
There was a decrease in reaction time over day for both
familiar and novel stimuli, suggesting the presence of
ledrning and-practice effects. For novel stimuli, reaction

time decreased significantly on all three days. For

familiar stimuli, a plateau in performance was obtained by

day 2. Although these findings suggest that the difference

~between familiar and novel stimuli diminished over day, this

decrease has'dBEiEtatistically-significant as indicated by
the absence of a dgy X stimulus Iinteraction.

As predicted, no. significant decrease 1in errors was
obtained over day for familiar stimuli: the error rate
remained low, which may suggest the presence of a.ﬁaseline
effect in accaracy of reﬁqgnition of these stimuli. There
was a significant decrease in errors over day for novel

stimuli, suggesting the continued presence of learning and

practice effects with respect to accuracy of recognition.

Relationship of Present Findings to Previous Research

The findings of the present experiment were consistent

in some respects with those reported in the literature on

L

~
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cerebral asymmetry. For example, the right visual field
(lef£ hemisphere) superiority that was observed for digits
(i.e., familiar stimuli) corresponds with previoﬁs research
on laterality differences and with that expected on the
basis of Goldberg and Costa's (1981) model. However, the
observation of no difference in hemispheral superiority for
angle stimuli (i.e., necvel stimulil) is not consistent with
prev%ous research or with Goldberg and Costa's (1981) model.

The lack of hémispheral superiPrity for processing

novel stimuli may be related'to.differences in methodology

o

'between the present expériment and previous.research. The
angle stimul\{ were adapted from those utilized'in a study
which did provide support for the Goldberg and Costa (1981)
model. However, in this experiment (Bilder & Rosén, Note 1)
subjects were only required t:? match a single target to a
standafd stimulus on each trial. 1In the present experiment,
incoéﬁoratiné theﬁL stimuli within- the framework of the
mémory scanning paradigm changed the task requirements and
may have inflnenced the-manner in whiqh subjects perceived
these stimuli. It is suggested that the task requirements
in the present experiment were more difficult than those in
the Bilder and Rosen (Note '1) experiment. Furthermcre,
memory set' sizes were noé of equivalent difficulty for angle
stimuli as'iﬁdicated by a significant increase in errors as

a function of an incredse in memory set size. At the

present time, the relation% between task d;L_fficulty and

B
p
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task novelty is not clearly defined. That is; Goldberg and

Costa (198l1) discussed the variabie of "informational

////ﬁ\ comple;ity" in reference to novel stimuli but did not
address the issue of level of difficulty of a task.

With respect to the obsérvation of an increase 1in
errors as a function of an increase in memory set size for
novel stimuli, it is important tounote that, in previous
research, memory set sizes which were not gof equivalent
difficulty were excluded from evaluation of serial ‘versus
parallel prpcessing (e.g., Cohen, 1973, Shatz, 1979). This
procedure was not followed in the’ present experiment. It
was felt that if the increasé in difficulty confounded the
increase in reaction timg as a functibn of an increase 1in
memory set size, then significanF‘quadratiéhcomponents would
be obtained. That is, it was expected that the difference
. in reactiop time between memory set size 3 and 4 would be

much greater thén between memory set size 2 and 3. Thesé~

findings were not obtained in the present experiment as no

\\//;ignificant non-linear components were observed (e.g.,
Table 8}.

<« The observation of no hemispheral superiority for novel

stiﬁuli may also be related to the amount of time which was

allotted for these stimuli to become “familiar." That is,

although pilot research revealed . no further notable decrease

in reactlon time or number of errors between days 3 and 4

or days 4 or 5 for novel stlmull, these criteria may not

u» .

-
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have been sufficient for development of a "routinized" code
within the left cerebral hemisphere (Goldberg & Costa, 1981).
Subjects have had many years of expérience with digit
stimuli, and three days experience with the angle stimuli
may not have allowed tﬁese stimuli t¢ become "familiar" as
defined in this model. ’

A third explanation for no laterality differences
obtained for processing novel stimuli may be related to a
greater wvariability in c?gnitive strat?gies for novel
stimuli in, comparison to familiar stimuii.\ aAll subjects
were questioned concerning the strat?gies thé; used to
perform these tasks. However, as’no systematic debriefing
procedure was upilized, these daté were not included in the
results section and; are 6nly' suggestive of the cognitive
strategies subjects relied upon. It is possiblé that a lack
of consistency in strategies reported for novel stimuli
resulted in confounding variance in the results.

L

with respect to familiar stimgli, most subjeéts
reported that they mem?rized the digits eithef_in the order
they appeared in the meméry set, or that they rearranged them
and memorized them in numerical oéder. Mog; subjects
indicated that they rehearsed the memory set throughout each
trial block. In contrast, no consistent strategies were

reported with angle stimuli. Some subjects reported that

they associated the stimuli with "hands on a clock" and thus

attempted to memorize memoryéépt/zz;mﬁ by thg*ﬁime”of day

g
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that the angles represented. Other subjecﬁs associated:
angle stimuli withrmathematical quadrants. Others utilized
verbal names such as "big angle" versus "little angle! in
combination with directional orientation of the angles
(i.e., up, down, to the side). .

In addition to this inter-subject variabilit§ in
strategies utilized for angle stimuli, some subjects
reported that they changed strateéies betweeqamemory sets
and/or between days. If subjects switched stra&sgies more

Nu)frequently‘for angle stimuli, 1t is-possible that new infor-
mation wés provided on these trials. It has been suggested
that when new information appears on each trial, laterality
effects are eipper'miniscule or arg‘not obtained (Hardyck,
'Tzeng, & Wang, 1978), which may be related to the observa-
tion of no visual field advantage for angle.stimuli in fhis
experiment.

The inconclusive findings obtained with respect to the
serial-parailel dichotomy and- laterality differences
indicate that there is a need for further refinement of
these processing strategies in accordance with Townsend's
(1972, - 1976) mathematical deéinitions. There are also
indications that additional wvariables need tw be evaluated
and controlied for. For examplé, there are igdications that
serial and parallel processing are related to verbal

encodability of the stimuli. Cohen (1973) suggested that

verbally-mediated matching is necessarily serial and
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parallel matching is confined to matching on the basis of
ﬁhysical characteristics. Although Cohen did obtain
eviﬁence for a serial memory scan within the left cerebral
hemisphere, differences in memory éianning were also
associated with the type of stimuli used. That is, there
were indications. that nonve;bal'stimuli were proceséed in
parallel by both cerebral hemiépheres and serial proces-
sing within the leﬁ} hemisphere was limitéd tb.stimul%_which
were verbally mediated. - |

With respect to Shatz's (1979) series of experiments,
it . 15 interesting to note that, although the findings
sﬁggested serial processing within the 1left <cerebral
hemisphere and parallel processing within the right cerebral
hemisphere using three types of stimuli, the weakest support
for this model was obtained with verbal stimuli li.e.,
words). ﬁwith these stimuli, there were indications of a
é%rial and a2 parallel memory scanning strategy within:ea;h.
cerebrél Bemisphere, although the overall strategy was
considered to be consistent with a left hemisphere-serial
and right hemisphere-parallel model.

There are also indications in the literature that the
type of cognitive strategy utilized by subjects may in—d
fluencé memory scanning. For example, in the Niederbuﬁl and
Springer “(1979) study, when subjects were instructed, to-

match stimuli as same O0r different on the basis of physical

(visual) analysis) a parallel memory scan was obtained
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within both cerebral hemispheres. when instructions

stressed verbal rehearsal, a serial memory scan was observed
within both cerebral hemispheres. These findings were only
obﬁained in the analysis of distractor items and not in the
analysis of target items. The latter- appeared to increase
in a serial manner as a function of number of targets in the
set for left and right v1sual field presen{atlon )

Several significant effects_attrlbutable to polarity‘bf
probe (i.e., whether the lprobe stimulus ;;s positive or

negative) were obtained in the present experiment. ‘These

findings were not consistent with “previous- research where

‘either no differences were found (e.g., Madden & Nebes, 1980;

* Shatz, 1979; Sternberg, 1969, i975) or polarity of probe was
not considered to be of importance in the analysis (e.q.,
Klatzky & Atkinson, 1971).

In general, reaction time w;s faster to the positive
probe than to the negative probe. The error rate was higher
for the positive probe than the negatlve probe w1th left
visual field presentatlon, and there was ‘a higher error rate
for *the positive probe w1th novel»stlmull. These findings
suggest the presence Qf .a‘ speed-accuracy trade-off,
resulting in faster reaction time for positive probes with

a subsequent increase,kin errors. It would also‘eppear that

there was a - left hemispheral superiority for positive

matches as reflected in a lower error rate. This finding

is consistent with previqus research.as superiority of the

m s e ik e e B Rl o L L Tmm e B R metems e o



left - hemisphere for positive mat&hes has. been reported with
reaction time data (e.g., Cohen 1973, Madden & Nebes, 1980).
The findings concerning polarity of set also indicated
that ‘differential decision criteria were‘used for familiar
and novel stimuli. Regression lines obtaiﬁed for familiar
and novel stimuli as a function of polarity of set and
memory set size are presented in Figure 7. For familiar
stimuli, the rate of increase in reaction time per unit
increase in memory set size was simil for positive and
-negafive probes: the rate of iﬁcréase for the positive
probe‘ was 80% of that for the negative' probe. These
findings are consistent with that ekpected for the
exhaustive serial memory scan in which t@g tést stimulus 1is
compared successively to all the memorized items, and only
after these comparisons are completed is a positive or
negative response made (Sternberg, 1969; .19%5). Conse-~
gquently, the rate of increase in reaction time per unit
increase in memory set size (provided by the slope of the
line) will be equivalent for positive and negative probes.
' For novel stimuli, there was a significant difference
in the rate of incredse in reéftion time per unit increase
in memory set size for positive and negative probes. The
rate bf increase for the positive probe was 60% of that foi
the negative probe. These findings would appear to be
"consistent with a self~terminating serial scan in which-the

probe stimulus is compared.successively to one item in -the -
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memory; set after another until either a match occurs,

‘regglti g in a positive response, or until all comparisons

have been coﬁpleted, resulting in a ﬁegative response.

gonseqﬁently, the rate of increase fér the positive probes
will be half of that for thé negative probes.

The conclusion of a self-terminating serial search for

novel stimuli would Be premature since there was a confound-

, lng variable. That is, the errorAféte for positive probes

| was significantly‘ higher thah that for negative probes..

Self-te}ﬁinating and exhaustive scanning’ cannot be differ-

entiated unless thére is .a high level of accuracy since it

cannot be assumed "that all elements have in fact been

A;cessed (Townsend, 1972).

The observation of differential decision criteria for
familiar and novel_stiﬁuli may be related to differences in
level .oE difficulty of these stimuli. For example, for
digit stihuli, it is likely that subjects were aware of both
the positive énd negative sets during each block of trials.
That is, due to familiaripy.with dfgits, once the positive
set was presented, subjects were automatically’“ayare of
members of the stimulus ensemble which did not \;ppear
(i €x—the negative set). Responses to the probe stimuli

fwere‘then based upon whether the probe stimulgs was positive
or negative. The exhaustive éerial scan resulted since it

is considered to be generally more efficient than a self-

terminating serial search (Sternberg, 1969, 1975).
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The findings attributable to polarity for novel stimuli

may be related to greater difficulty of‘ these stimuli.
Supjects may have found it to be advantageous to concentrate
only on tﬁe positive set during each trial block.  That is,
owing to less familiarity with these stimuli, when presented
with the positive set they were not automatically aware of
items in the negative set and continued to focus only-on the
positive set. Thus, when the probe stimulus was positive,
an immediate response was made (i.e., scannings was
terminated since there was nothinguelse left to search).
This strategy would result in a "flattening" of the reaction
time curve fot positive probes. The presence of a speed-

accuracy trade-off was also indicated.

Suggestions for Future Research

Comparison of the findings of the present experiment
with previous research concerning laterality differencés in
visual information lprdcessing studies affords several
suggestions for future research. First, wvariables wpich
have previously been found to Have no significant effects
(e.g., polarity of probe), should not necessarily be iénored
in these studies. These variables may have ’significant

1 - .
effects whén; different methodology and/or stimuli areé

J

utilized.
Second, it is apparent that there is a need to further

define and evaluate stimulus items which are utilized in

o L O I e et he Al
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these experiments. That is, stimuli are often selected on
the assumption that they are verbal or non-verbal, familiar'
or novel, and so on. The unknown factor in this research is
whether or not subjects perceive these stimuli in the manner
in which they were defined. Contradictory findings may
occur as a result of subjects' percepticn of these stimuli‘
differing from that of the researchers.

Third, it 1is suggested that the type of cognitive.
strategies utilized by subjects be evaluated and controlled
for. Procedures should. be developed for systematic question-
ing of subjects concerning cognitive strategies. There were
indications in the present experiment that the strategies
utilized by subjects, changed over. time, resulting in
confounding variance. Variability in cognitive strategies
within a given subject or‘between subjects may result in

no consistent laterality effects observed for a particular

task.

-
-

The findings of tﬁe present experiment suggest that
there.is a need for further evaluation of methods used to
differentiate serial and parallel processing (e.g., Townsend,
1972, 1976). It-would also seem important to investigate
the effects of variables such as type of stimuli (e.g.,
verbal or nonverbal) in association with serial and parallel
processing. | |

Finally, it would: also seem important for. future

research on cerebral asymmetry to account for individual
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'variability in the laterality effects observed for a parti-
cular task. That is, laterality may not be cons‘istent for
é particular'ﬁask but may vary as a function of attention,
motivation, . cognitive strategies, practice, and other
-variables (e.g., Goldberg & Costa, 1981; Levy, 1983). The
variation in an individuaf\subject's performance over time
may have importanf consequences for models of cerebral

asymmetry. . R t
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'APPENDIX A

HANDEDNESS QUESTIONNAIRE
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NAME :

91

AGE:

PROGRAMME (YEAR)

Please answer therfollowing
"R" for "Right" and "L" for

%

1. " With which hand do you

r

2. with which hand do you

»

3. With which hénd-do.you

'4.‘; With.which hand do you

”

.5. With which hand do you
, target?.

6. With which hand do you

7. With which hand do you

8. Wwith which hand do you
when dealing? :

questioﬁs by circling
"Left".

draw?

write?

hoid a toothbrush?
use a hammer?

throw a bal}l to hit a

use a bottle opener?
use an eraser on paper?

remove the top card
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APPENDIX B

FAMILIAR AND NOVEL STIMULI
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FAMILIAR STIMULI
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Summary of simple simple main effects on

transformed reaction time data

104

\1
Source df MS F
Laterality X Size X Stimulus . .
Lat at Size 2, Familiar 3. 1 3.53 13.78
Lat at Size 3, Familiar 0. 1 0.06 <1
Lat at Size 4, Familiar 0. 1 0.82 3.19
Lat at Size 2, Novel 0. 1 0.18 <1
Lat at Size 3, Novel 0. 1 0.15 <1
Lat at Size 4, Novel 0. 1 0.01 <1
error 9. 78 0.26
Size X Laterality X Stimulus.
Size at LVF, Familiar .2 15.71 - 54.37 *
Size at RVF, Familiar 2 23.73 82.11 *
Size at LVF, Novel 2 18.76  64.91 *
Size at RVF, Novel 2 21.16 73.20 *
error 91 0.29
Polarity X Size X Stimulus
Pol-at Size 2, Familiar 1 29.26 48.37 *
Pol at Size 3, Familiar 1 26.17 43.25 *
Pol at Size 4, Familiar 1 32.73 54.09 *
Pol at Size 2, Novel 1 2.05 3.38 *
- Pol at Size 3, Novel 1 10.47 17.30 *
. Pol at Size 4, Novel 1 14.77 24.41 *
error _ 78 0.61
Size X Polarity X Stimulus ‘
Size at Positive, Familiar 2 18.54 42 .51 *
Size at Negative, Familiar 2 19.86 45 .56 *
" Size at Positive, Novel 2 12.95 ° 29.69 *
Size at Negative, Novel z 28.37 65.06 *
erroxr 91 0.44

* p < .001



105
Summary of simple main effects on

transformed reaction time data

Source ' ' ss af MS F

Day X Polarity

Day at Positive : 147.88 2  73.94 44.13 **
Day at Negative 90.23 2 45.11 26.93 **%.
error . 87.13 52 1.68 .

Polarity X Day ' '

Polarity at Day 1 19.75 1 19.75- 23.11 **

Polarity at Day 2 35.52 1 35.52 41.56 **

Polarity at Day 3 50.41 1 50.41 58.99 *x*
S 0.85

error 33.33 3
Laterality X Size '

Laterality at Size 2 2.65 1 2.65 6.96 *
Laterality at Size 3 0.21 1 0.21 <1
Laterality at Size 4 0.49 1 0.49 1.28
error ) 14.86 39 0.38

Size X Laterality
Size at LVF 68.79 2 34.40 84.20 **
Size at RVF 88.87 2 44 .43 108.77 **
error 21.24 52 0.41

Polarity X Stimulus . )
Polarity at Familiar 87.98 . 1 87.98 66.15 **
Polarity at Novel * o . 24.14 1 24.14 18.15 **
error ' “f 34.51 26 1.33

* p < .05

** p < .001
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Summary of simple simple main effects on error data

Source SS af MS F

Size X Day X Stimulus

Size at Day 1, Familiar 0.07 2 0.04 <1
Size at Day 2, Familiar 0.05 2 0.02 <1
Size at Day 3, Familiar 0.12 2 0.06 <1
Size at Day 1, Novel 3.63 2 1.82 ° 23,
Size at Day 2, Novel 1.96 2 0.98 12.
Size at Day 3, Novel 0.35 2 0.17 2.
error 12.13 156 0.08 °

Day X Stimulus X Size
Day at Size 2, Familiar 0.06 2 0.03 <l
Day at Size 3, Familiar 0.07 2 0.04 <1
Day at Size 4, Familiar 0.03 2° 0.02 <1
Day at Size” 2, Novel 1.49 2 0.75 9.
Day at Size 3, Novel 2.22 2 1.11 14.
Day at Size 4, Novel 6.10 2 3.05 39.
error : 12.00 156 0.08

* p < .001

—
o
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Summary of simple main effects on error data

Source . SS df MS F

Day X Stimulus

Day at Familiar 0.06 2 0.03 <1
Day at Novel 8.82 2 4.41 34 .23 **%
error 6.70 52 0.13 '

Stimulus X Day
Stimulus at Day 1 ) 17.50 L 17.50 46.67 **
Stimulus at Day 2 7.24 1 7.24  19.30 **
Stimulus at Day 3 2.11 1 2.11 5.62 *
error 14.61 39 0.38

Size X Stimulus
Size at Familiar 0.16 2 0.08 <1
Size at Novel 4.96 2 2.48 20.39 **
error 6.32 52 0.12

Polarity X Stimulus
Polarity at Familiar 0.01 1 0.02 <1
Polarity at Novel . 2.13 1 2.13 17.83 #*%*

_ error 3.11 26 0.12

Lateraldity X Polarity
"Laterality at Positive 0.78 1 0.78 14.36 *=*
Laterality at Negative 0.02 1 0.02 <1
error i 1.42 26 0.0%

Polarity X Laterality

- ' Polarity at LVF 1.27 1 1.27 14.26 **
Polarity at RVF . 0.14 1 0.14 <«<1.62
error 2.32 26 -0.09

*p <.05

%% p .<.001
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SUMMARY TABLES OF RAW REACTION TIME DATA
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109

Mean raw reaction time for familiar and novel stimulil

as a function of day, laterality, wand day X laterality

n
A

Stimulus
Famziiﬁr Novel
Variable Mea%//,kfé.D.) Mean (S.D.)
Day
Day 1 627.76 (222.12) 1120.75 (512.69)
Day 2 559.47 (184.21) 926.49 (393.65)
.Day 3 536.20 .(172.90) 820.04 (335.83)
Laterality ‘
Left Visual Field 578.86 (199.99) 953.25 (431.82)
Right Visual Field 570.09 (197.02) 958.27 (445.20)
Day X Laterality <
Left Visual Field -
Day 1 632.69 (224.13) 1106.52 (494.68)
Day 2 563.59 (189.54) 926.81 (394.29)
Day 3 540.30 (167.57) 826.43 (345.29)
Right Visual Field . )
- Day 1 622.83 (220.07) 1134.98 (529.89)
Day 2 555.35 (178.71) 926.17 (393.17)
Day 3 532.10 (178.05) 813.64 (326.12)



110
Mean raw reaction time for familiar and novel

stimuli as a'function.of laterality X set size

1
1

\ . - Stimulus
Familiar Novel
Variable Mean, (§.D.) ' Mean (s.D.)

Latérality X Set Size _
Left Visual Field S )
Size = 2 547.65 4199.72) 848.02 (351.81)

Size = 3 575.39 " (182.03) 939.81 (393.69)

Size = 4 613.55 (208.92) 1071.93 (505.56)
Right Visual Field _

Size = 2 526.40 . (179.35) 852.05 (382.99)

Size = 3 584.26 (204.89) 963.29 (444.04)

. Size = 4 599.61 (198.45) 1059.46 (479.08)

S
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Mean raw reaction time for polarity of probe as a

function of day, stimulus, and stimulus X memory set size

Polarity of Probe

Positive Negative

Variable Mean {s.D.) Mean (S.D.)

Day .

Day 1 ' 843.31 (447.16) 905.20 (481.55)

Day 2 711.98 (350.05) 773.98 (363.07)

Day 3 ' 645.32 (299.49) 710.92 (301.88)
-

Stimulus ~ g
Familiar 545.99 (194.10) 602.97 (197.88)
Novel 921.09 ($24.55) 990.43 (449.49)

Stimulus X Set Size ..

, Familiar
Size = 2 510.25 (186.61) 563.80 (189.80)
Size = 3 555.25 (196.31) 604 .41 (188.17)
‘Size = 4 572.47 (194.05) 640.69 (207.70)

- Novel ‘ : .
Size = 2 843.56 (365.19). 856.50 (370.15)
Size = 3 913.66 (411.92) 989.43 (424.13)
Size = 4 1006.03 (473.99) 1125.36 (503.38)
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