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Abstract

It is widely acknowledged that the cerebral hemésph do not operate in isolation
during the processing of complex visual stimuli.attBrns of interhemispheric
communication are believed to be integral to cagmiabilities yet despite this, both
the circumstances under which communication takdgl@e nature of the information
that can be communicated remain relatively poorlgarstood. The experiments in
this thesis address the nature of interhemispheammunication during the
processing of face and identity information usingaage of divided visual field
paradigms. The first line of enquiry explored ttegure of identity information that
can be communicated interhemispherically. Spelfic the aim was to establish
whether abstract identity driven collaboration cblé achieved with stimuli denoting
the same concept or if cross-hemispheric commuaitas restricted to more low-
level, stimulus driven interactions. Further sasdiexamined the impact of task
difficulty on interhemispheric communication and etier dividing identity related
cognitive processing between both hemispheres was freneficial to performance
than constraining to one. The main findings indictiat both conceptual identity
information and superficial image characteristies ®e communicated across the
hemispheres for familiar but not unfamiliar facé&esults of enquiries into the
benefits of dividing processing between the henmasphwere somewhat inconclusive
leading to an exploration of the impact of capadityits for face processing on the
experimental paradigm. Evidence that interhemisph@mmunication may occur
asymmetrically in the direction of right hemisphdre left hemisphere was also
obtained. Findings are discussed within the cardgéexisting literature and theories

examining the processes of interhemispheric comoation.
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Chapter 1

General Introduction



1.1 Introduction

It has long been established that functional asytmeseexist between the cerebral
hemispheres. Broadly speaking, for most right-hdndedividuals, verbal and

linguistic abilities are attributed to left hemigph (LH) function, whereas non-verbal,
visuo-spatial operations, in particular face prsoeg tend to be attributed to the
control of the right hemisphere (RH). Although Isulaterality of function is

undoubtedly fundamental to the architecture of lluenan brain, for many tasks,
dominance of function is believed to be relativihea than absolute with significant
communication occurring between the hemisphere$hese dynamic interactions
occur primarily through the corpus callosum and rhayinvolved with fundamental

processes such as the modulation of attention hadunification of perception,

thought and action. Indeed, interhemispheric comaation is thought to be central
to many cognitive processes, with patterns of adeon altering over a lifespan.
These changes in hemispheric function are therefapable of providing valuable
insights into both developmental (Banich, Passandtirtz & Steiner, 2000; Banich,

Passarotti & Janes, 2000) and ageing processetefReuenz & Stanczak, & Miller,

1999; Cabeza, Anderson, Locantor & Mcintosh, 2008)addition, the pivotal nature
of interhemispheric communication to cognitive ftioe has been highlighted in
cases where disruptions to this process occur.example, atypical interhemispheric
communication has been associated with a numbeordditions (e.g. schizophrenia)
and in particular the related attentional diffieest with these disorders (David,
Minne, Jones, Harvey & Ron, 1995; MolRilvermuller, Rockstroh, & Endrass,

2008).



Anticipating patterns of hemispheric interactiorsé@d on the manner in which each
hemisphere operates in isolation is not a straogeird process. For example, while
the RH is known to play a dominant role in face gessing, it has become
increasingly evident that input from the LH is atsacial. Indeed, LH damage alone
can be sufficient to significantly impair face-pessing systems (Benton, 1980),
although a complete disruption of face identifioati(prosopagnosia) appears to
require damage to both hemispheres (Damasio, Dam&sivan Hoesen, 1982).
Attempts to more clearly define this combined hereéic input to face processing
have led to the suggestion that the RH may stastiy information in a relatively
image-dependent manner, in contrast to a more wmatgpendent contribution by
the LH (Cooper, Harvey, Lavidor & Schweinberger,02p) Relative functional
dominance therefore appears to offer a more apiatepreflection of hemispheric
function. Although the exchange of informationvbe¢n the cerebral hemispheres is
seemingly at the heart of many congnitive procesfds understanding of the
mechanism and purpose of this interaction, paditylin relation to face and identity
information, has yet to be acheived. Greater hisigto the underlying nature and
process of interhemsispheric communication mayefoeg help bring about a more
complete understanding of the role interhmisphedenmunication in cognitive

processing.

1.2 METHODS OF INVESTIGATING INTERHEMISPHERIC

COMMUNICATION

Numerous aspects of interhemispheric communicatiave been studied in recent

years using a variety of different approaches. &wmmple, some major lines of



research have focused on the effectiveness ofidgyidognitive processing between
both hemispheres, exploring interference effecta/éen bilaterally presented stimuli
and determining how the hemispheres will procesdtiphel copies of the same
stimulus. These different research focuses hasdtesl in the emergence of a range

of different findings and experimental paradigms.

Divided visual field methodologies provide a nonasive and accessible means of
investigating these issues of interhemispheric camoation. This technique was
initially adopted by Dimond & Beumont, (1971) angpitally involes presenting
stimuli briefly to the left visual field (LVF), rigt visual field (RVF) or bilaterally to
both visual fields (BVF). The organisation of tteman visual system provides that
information presented to a given visual field witflitially be processed by the
contralateral hemisphere. Through comparing padtesf results produced on
unilateral and bilateral trials, a measure of h@mesic interaction can be obtained
along with insights into whether this is collaborator inhibitory in nature. The
application of this experimental design has sinoem&d the basis of many

explorations into interhemispheric communication.

1.3 THE MODULATION OF COGNITIVE PROCESSES THROUGH

INTERHEMISPHERIC COMMUNICATION

Establishing the impact of interhemispheric comroation on the processing
capacity of the brain has provided the focus ofesavlines of investigation.
Typically this issue has been researched usingradgen devised by Banich &

Belger (1990), in which subjects view triangulaisual arrays of three stimuli
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arranged round a central fixation point. The twp ttems in these visual trigrams are
strongly lateralised to the left and right hemiggisewhile the third item is presented
below these items in a position still lateralisgek, closer to the midline. Participants
are required to indicate whether the bottom itentiches either of the top two items

(See Figure 1).

(i) (ii)

Figure 1. Example of (i) Across hemisphere match and (ii)Avithemisphere match

trials.

On trials where the matching items are presentethénsame visual field, within

hemisphere processing is assumed while on triatgevimatching items are presented
in opposite visual fields, interhemispheric intéi@t is deemed necessary in order to
complete the task. No cues are given to particgpamindicate whether the matching

items will appear within or across hemispheres.

1.3.1 The influence of task complexity

Numerous studies have demonstrated that as tasglexity increases, across field
processing is advantageous to performance reltaivéthin field (Banich & Belger,
1990; Merola & Liederman, 1990; Passarotti, Bani@god, & Wang, 2002;

Weissman & Banich, 2000). Indeed, this finding hasn shown to remain relatively
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stable, regardless of the extent to which a pdaidiask is lateralised, provided that

both hemispheres are capable of performing the(akich, 1998).

In a series of experiments, Banich & Belger (198@plored the impact of task
difficulty on interhemispheric communication. Rerhance on a letter-matching task
demonstrated that across hemisphere processingvwegpperformance for identity
matches (e.g. A-a), yet had a detrimental effeldbviong a less challenging physical
match condition (e.g. A-A). It appears that thi#eting complexity of each task was
responsible for this differential match-type pemi@nce on across hemisphere trials.
Specifically, an analysis of letters on a percelptereel is sufficient for reaching a
decision in the physical match task, yet in ordemtake a successful match in the
identity match condition, an additional stage immf extraction of a case-sensitive
letter code, must first be completed. The extensibthis paradigm to explore the
impact of task complexity on numeric processesotmrates these findings. It was
shown that a within hemisphere advantage occuwedntitching numeric digits on
the basis of physical identity in comparison toammoss hemisphere advantage for
more complex numeric matches (Banich & Belger, 1988periments 2 & 3).
Numerous studies have since replicated this bastinfy in which the benefits of
across hemisphere processing are greater for nmmplex name identity tasks in
comparison to those involving matching the physidantity of stimuli (e.g. Belger &
Banich, 1998; Cherry, Adamson, Duclos & HelligeQ0230Eviatar & Zaidel, 1994,
Reuter-Lorenz, et al, 1999; Weissman & Banich, 20@isman & Compton, 2003).
Populations such as children and older adults gdsoonstrate benefits of across field
processing, even at low levels of task complex®pven that such individuals posses

a reduced overall processing capacity, these fgsdprovide a useful insight into the
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facilitative nature of interhemispheric communioati to cognitive processing

(Banich, et al, 2000; Reuter-Lorenz, et al, 1999).

Similar cross hemisphere processing advantagesoimplex tasks have since been
observed for a wide range of stimuli and tasks Iwing letters, patterns, numbers,
objects and faces (Brown, Jeeves, Dietrich, & Bionj 1999; Koivisto, 2000;
Liederman, Merola & Martinez, 1985; Weissman & B4mi2000; Compton 2002).
For example, increasing the number of letters idisplay (e.g. Belger & Banich,
1998) and identifying two targets in an attentioblhk paradigm (Scalf, Banich,
Narechania, & Liebler, 2001) have all been showrrgsult in across hemisphere
advantages. Moreover, when within and across hgrare processing is manipulated
to be equally possible, performance has been shomwresemble that of single
hemisphere performance following simple tasks. Ewav, as task complexity
increases, a shift in performance to mirror thatboth hemispheres is observed
(Weissman & Banich, 2000). Such a finding offesmpelling evidence in support of
the flexibility of interhemispheric communicatioo imeet the processing demands of

a task.

The results of several neuroimaging studies alseesi® corroborate the theory that
interhemispheric communication is of particular éf@n during complex tasks.
Specifically, computational complexity in a tasksh&tequently been observed to
increase amounts of bilateral activity in comparigo less challenging tasks (e.g.
Pollman, Zaidel, & von Cramon, 2003; Smith, Jonjde&oeppe, 1996). There does
however remain some debate regarding the issue lodther increased task

complexity leads to an increase in the strengthexabting bilateral activation or
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whether additional cortical regions are recruitedy( DragerJansen, Bruchmann,
Forster, Pleger, Zwitserlood & Knecht, 2004; Ju&arpenter, Keller, Eddy, &

Thulborn, 1996).

Insight into the breadth of information that can ®mmunicated cross
hemispherically can be obtained from studies demnairsg a cross hemispheric
advantage during semantic matching tasks. For pbeanusing pictorial stimuli,
Koivisto (2000) found that pictures belonging te ttame category were categorised
faster in bilateral, compared to unilateral, préseons. Moreover, for the less
complex task of categorising visually identicahstii, no performance advantage was
observed for across hemisphere presentations. dasaplex visual matching tasks
were however processed more effectively withinnglsi hemisphere. Such a finding
offers further support to the idea that the praoogssf complex tasks benefits from
the involvement of both hemispheres. In additiemidence is also provided to
suggest that non-image specific aspects of comgiegher-order stimuli can be

communicated cross hemispherically.

Despite the reported performance advantages aridimgn interhemispheric
communication, there is an associated cost withrdresfer of information across the
corpus callosum. Indeed, some interactions anegiitoto occur in the region of 100-
300ms (Ringo, Doty, Demeter & Simard, 1994). krdfore appears that both the
costs and benefits associated with informationsfiemmust be assessed in relation to
the computational complexity of the task in order determine the benefit of
interhemispheric communication (Banich, 1998)hds been suggested that when the

capacity or resources of one hemisphere are owstiadditional cortical regions in
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the opposite hemisphere will be recruited to assidte processing (Belger & Banich,
1992; Weissman & Banich, 2000). Consequently, thie of interhemispheric
communication appears to be a dynamic one whetebyptocessing capacity of the
brain is modulated by way of mediation from theptm callosum (Banich, 1998).
Evidence of this is reflected in the typical withiemisphere advantage observed
following simple tasks. In such circumstances, ¢bsts associated with transferring
information across the hemispheres are too greatitiweigh any benefits that may be
received following input from both hemispheres. wéwer, for more complex tasks,
an advantage for across hemisphere processingpevibserved if the associated costs

of interhemispheric communication can be overcome.

While the benefits of interhemispheric communiaatior complex tasks may appear
unambiguous, a distinction seems to exist in @hato the computational complexity
of a task and the general task difficulty. Forrapée, Weissman & Banich (2000),
demonstrated that whereas low-contrast stimuli foaiticipants longer to identify in
comparison to high contrast stimuli, interhemisphénteraction was not shown to
moderate this difference. It was argued that lammcomputational complexity
between contrast conditions was responsible far fihding. Of greater importance
to the benefits of interhemispheric communicatiggpears to be the number of
computational steps required to perform the tasdg@& & Banich, 1998) combined
with an individual’s prior experience. Indeed,tpats of interhemispheric interaction
following practice appear to corroborate this tlyedtiederman, et al, 1985;
Weissman & Compton, 2003; Cherbuin & Brinkman, 2005 For example,
Liederman et al, (1985) instructed participants indicate whether two words

presented either to the same or opposite visualsfidbelonged to the same semantic
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category. Results revealed an across field adgardfthe outset of the experiment
which declined as the experiment progressed. Witneased practice comes a
reduction in the cognitive demands of a task. uim tthis should result in a similar
decline in the requirement for additional neuraregment. Not only does such a
finding demonstrate the advantage of interhemispheommunication during

complex tasks, but the dynamic nature of such phgris also highlighted. Whether
this shift in communication patterns arises assalteof a generalised practice effect
or due to a change in processing strategy remairissaie for debate (Weissman &

Compton, 2003; Cherbuin & Brinkman, 2005).

Instances do however exist in which cross hemispladvision of labour does not
lead to processing advantages for complex tasks.eXxample, in an adaptation of the
typical 3-item matching design described previouglgivisto & Revonsuo (2003,
Experiment 2) examined the impact of within and oasr field semantic
categorisations of pictures, words and cross domwdnd-picture pairs. Results
revealed that within-domain matches containing seitaly related picture or word
pairs were categorised faster in across field mtasens. Surprisingly, no across
field advantage was observed for the cross-domaittimes (word-picture pairs). It
was argued that such a failure to demonstrate ssdnemisphere advantage in the
word-picture conditions may have arisen as a resullifferent cortical processing
areas being utilised by these distinct stimulugs$yp As such, no processing overload
within any one hemisphere occurred. In supporthi$ theory, Patel & Hellige
(2007), revealed a within hemisphere advantageoatig a complex numeric
matching task in which stimuli were presented iffedent visual formats. They

reasoned that the different visual formats of slirallowed for processing to occur
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within distinct cortical areas and without integece from competing stimuli. The
mixing of stimulus formats within a hemisphere nithgrefore provide a means

through which the overall processing capacity eflemispheres may be increased.

The influence of task difficulty on interhemispleeicommunication has also been
extended to the socially relevant domain of facésr example, Compton (2002)
carried out a face matching task in which partictpawere required to match
unfamiliar faces on the basis of either emotiongbression (Experiment 1) or
character identity (Experiment 2). Results resdathat for both match-types,
performance was superior for across field matcloespared to within. In addition,
the across hemisphere advantage was shown to laéemgifer the more difficult
character identity task, a finding which offers thar support to the theory that
interhemispheric cooperation is most beneficialdomplex tasks. Despite this, little
evidence was observed to differentiate hemisphg@ecformance within each
experiment for category and physical matches. pieeise reason for this lack of
performance distinction was not established howeeetain methodological factors
including the intermixing of match-types within tsame experimental blocks may
have played some role. In a follow-up study, Campfeigenson, & Widick (2005),
demonstrated a greater across field advantagénéomiatching of what they deemed
as more cognitively demanding emotional faces (eappy and angry) compared
with faces of neutral expression. The studiesefioee offer an extension to the
existing research in the field to suggest that Hemefits of interhemispheric
communication can encompass the highly complexudtiof faces. It does however
remain to be seen whether this processing advactagbe extended to encompass a

wider range of social stimuli including familiarckes. Given that the mechanisms
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through which familiar and unfamiliar faces are qgassed are known to differ (e.g.
Burton, Jenkins, Hancock & White, 2005), it may the case that the benefits of
dividing information across the hemispheres willde different pattern as a factor of

the familiarity of the face.

It should also be noted that unlike many other gigras used to investigate
interhemispheric communication, the majority of sxohemispheric matching
paradigms generally equate the perceptual loadiad$,t regardless of whether they
assess within or across hemisphere processing. et little consideration is
generally given to the impact of distracter itemsinattended visual fields on results,
despite evidence this should be a considerationef3d 983, 1987, 1990, 1994).
For within field matches, distracter items appeathe opposite visual field to the
matching item while for across field matches, sddtracters appear within the same
visual field as the target item. If the impactdidtracter items is different on within
and across field trials there is the risk that g¢wsild confound results. One factor
which may be instrumental is the similarity betwetanget and distracter items.
Specifically, hemispheric asymmetry for words hasrbshown to be influenced less
by pseudoword distracters than by word distrag@otes, 1990; lacoboni and Zaidel,

1996).

1.4 INTERHEMISPHERIC COMMUNICATION DURING BILATERAL

REDUNDANT STUDIES

A further line of investigation into interhemispfeecommunication has focused on

the outcome of presenting critical stimulus infotima simultaneously to both visual
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fields in what is known as a bilateral redundaml.tr In contrast to the designs
outlined above, the aim of this paradigm is to l@gh how the hemispheres will
process identical information. Through comparieg@rmance of bilateral trials with

that of unilateral trials, it is possible to gamsights into whether collaboration occurs
and indeed whether it is facilitative or inhibitoig nature (see Banich, 1998;
Hasbrooke & Chiarello, 1998). Where the bilateedundant paradigm differs from
that of many other investigations into hemispheommunication is that it does not
necessarily require interhemispheric interaction drder to perform the task
successfully. As a result, improved performanceboateral trials can be seen as
supporting theories of cooperation rather than Bpheric inhibition or

independence. Using this technique, a wide rangetudies have demonstrated
superior performance in the bilateral condition damparison to either of the
unilateral conditions. These include studies iaw@ simple visual patterns (Miller,

1982), colours (Roser & Corballis, 2003), and co@st—Vvowel—-consonant syllables
(Hellige & Adamson, 2007; Marks & Hellige, 1999,@). This effect has become
known as the bilateral advantage or bilateral ddMohr, Pulvermuller, & Zaidel,

1994).

A robust bilateral advantage for words, but not fmseudo-words, has been
demonstrated in a lexical decision task and in&tgat as evidence of
interhemispheric communication (Mohr, Pulvermullé&, Zaidel, 1994; Mohr &
Pulvermiiller, 2002). Evidence suggests that trfopmance advantage is greater for
high frequency words compared to low (Mohr, Pulvéier, Mittelstadt & Rayman,
1996) and for Japanese Kana presented in famdrgitscompared with less familiar

characters (Yoshizaki, 2001). The results of tleewk several other studies appear to
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indicate that the familiarity of stimuli may impasignificantly on patterns of
interhemispheric communication involving complexmstli. For example, the results
of an EEG study revealed that whilst bilateral wgneksentation resulted in an
increase in cortical activation that was not seatloWing unilateral word
presentation, no similar distinction was observed gdseudowords (MohfEndrass,

Hauk, & Pulvermdller, 2007).

Further distinctions between stimuli-type and patte of interhemispheric
communication have been reported by Zaidel and Ray(@994) during a lexical
decision task. They presented participants with tonfur identical copies of words
or pseudowords to the LVF, RVF or divided betwea&thb When one word was
presented in each visual field, a bilateral advgetaas obtained for words but not
pseudowords. Multiple stimulation with two copafsa word within a single visual
field also increased accuracy relative to singksentation. Of interest however was
the finding that the bilateral condition was superio LVF stimulation with two
copies. Increasing the number of presentationseatwoo did not result in any further
increases in performance. In addition to suppgrtire notion that interhemispheric
communication is influenced by the familiarity afraplex stimuli, this differentiation
between word and pseudoword performance can alsotérpreted as evidence that
such communication occurs at a relatively deepcédxstage of processing (Zaidel &

Rayman, 1994).

Studies examining the bilateral advantage andhetarspheric communication have

since been extended from the verbal to the nonaVetbmain. The results of these

investigations indicate that the bilateral advaetaga relatively global phenomenon
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applicable to a wide range of both complex and Brmspmuli. In the face-domain, a
significant bilateral advantage has been foundtterrecognition of famous but not
unfamiliar faces (Mohr, Landgrebe & Schweinberg®02; Schweinberger, Baird,

Blimler, Kaufmann, & Mohr, 2003; Baird & Burton, @8).

Taken together, the above results indicate thitast for complex stimuli, bilaterally
redundant information has a facilitative effectgmocessing. However, this is not a
generalisable advantage and a necessary requireshethis performance benefit
appears to be that stimuli have been previousinéh as in the case of words and

famous faces but not pseudo-words or unfamiliaggac

1.5 MODELS OF COOPERATION

The exact mechanism underlying the bilateral acdagatusing a bilateral redundant
paradigm still remains unclear in that stimulatadrboth hemispheres in this manner
may result in a number of different processing fioigses. Consequently, various

models of hemispheric interaction have evolvedesBhcan be classified broadly into

unilateral specialisation, parallel processing enolperation models.

1.5.1 Metacontrol

Levy and Trevarthen (1976) proposed a unilateratigfisation model based on the

idea of metacontrol in which a single hemispheveags exerts control during a given

task. Accordingly, this theory suggests that penence on bilateral trials should

always mirror the pattern of performance displaygdthe dominant hemisphere.
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Tests carried out on split-brain patients after #ienultaneous tachistoscopic
presentation of stimuli to both visual fields pr®imuch of the basis behind this
theory. Results from these patients revealedtlfgatequirements of the task dictated
which hemisphere would exert control over proceassifurther support for a theory
of metacontrol has come from Hellige (1993) follagistudies involving healthy

participants. Specifically, right hemispheric noetatrol was observed for error

patterns during a consonant-vowel-consonant (Cdéntification task. Despite such
displays of apparent unilateral control, a majoakveess of this model lies with the
assumption that bilateral performance will nevecemd that of unilateral. Several
instances exist whereby this assumption is viol@eg. Mohr et al, 1994; 2002) and

as such it appears a more comprehensive modejuged.

1.5.2 Race Models

Unlike unilateral specialisation models, an altéueaapproach has been to consider
the involvement of both hemispheres in a parallebcessing model. One
interpretation of the bilateral advantage is thatraflects a race between the
processing of two competing stimuli (Raab, 1962|lévli 1982). Facilitation after
redundant stimulation is then considered to be saltreof statistical probability.
Specifically, if both stimuli are processed indepently and in parallel, the
hemisphere that is most efficient for a particu@sk normally completes it first.
However, if the less specialised hemisphere ocnallijocompletes the task fastest,
the overall average processing speed will be fdkter unilateral presentation to the
specialised hemisphere. A bilateral redundant raihgge will be observed in such a

case. The application of a race model of thismeatould be applied to processing of
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pairs of stimuli anywhere in the visual field. Siheally, if increasing the number of
stimuli results in faster detection, then improypedformance might be predicted for a
wide range of stimuli, both crossing visual fieldisd lying within them (Marks &

Hellige, 1999).

Several bilateral advantage phenomena exist inlitk@ture which can easily be
accounted for by a race model. However, these tenbe tasks involving the

detection of simple, meaningless stimuli (lacob&niZaidel, 2003; Reuter-Lorenz,

Nozawa, Gazzaniga & Highes, 1995). Corballis (3998&mined redundancy gains
in split-brain patients and healthy controls thidoulge use of a simple reaction time
task involving changes in luminance between stimnll background. Redundancy
gains were compared to the probability summatiedioted by a race model. While
all participants were shown to have faster bildtexactions compared with unilateral,
it was observed that redundancy gains in contradsnidt exceed the probability

prediction. There are however further instancesvimch a race account of the
bilateral advantage is less compelling. For examipl a simple signal detection task,
Miniussi, Girelli, & Marzi, (1998) presented checkeards either unilaterally to the
LVF or RVF or simultaneously to both visual fieldsResults revealed faster
responses for bilateral presentations in compatisamilateral, at a level beyond that
predicted by race-model probability.  Of greatencern for race model theories is
the finding that a bilateral advantage has beeprgbd for familiar but not unfamiliar

stimuli. Specifically, it is difficult to reconal this finding in ‘race’ terms for which

differentiation between the familiarity of stimglould not occur.
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1.5.3 Neurocognitive Models

A neurocognitive model based on Hebb’s theory @friang and cell assemblies
(Hebb, 1949) does however seem to offer a moresfaatory account of the
underlying process through which the bilateral algge occurs. Such a model
proposes that through the process of neurophysabdearning mechanisms,
familiar stimuli become cortically represented Ibsosgly connected cell assemblies
(CAs). As concepts located in different regionghe brain become associated, the
CAs may become distributed across both hemisphetigs,connections through the

corpus calosum, to form transcortical cell asseestif CAs) (see Figure 2).

Figure 2: lllustration of a transcortical cell assemblyo(fr Pulvermuller & Mohr,
1996). Small circles represent local clusters eftirons with lines representing
connections between these clusters

TCAs may be involved with the processing of certsimuli or represent mental
concepts such as words or faces. If stimulated dheeugh input to a single

hemisphere, the CA activation will be less effitiehan if both hemispheres are

stimulated simultaneously (Pulvermuller & Mohr, 839 Increasing the number of
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stimulus copies presented unilaterally or bilatgrahs also been shown to improve
performance for words but not for pseudowords (Methal, 1996). A neurocognitive

model may be able to account for the relative hphesc specialisations frequently
observed for certain tasks if distribution of ccati networks is considered to be
asymmetrical across both hemispheres. In additibis model also offers an

explanation for the observed distinction betwe®iateral advantage for familiar and
lack of for unfamiliar stimuli. Specifically, asAS should only exist for concepts that
are known, bilateral stimulation should have nosgsgjient facilitation on unlearned

stimuli.

Further support for such a theory comes from tledit@ive effect found when a CA
is stimulated twice in the same visual field (Mokt, al, 1996). Unilateral and
bilateral redundant performance was compared tlrolog presentation of one or two
stimuli unilaterally in either the LVF or RVF anlde presentation of either one or two
redundant stimuli bilaterally to each visual field.Results revealed that the
presentation of two-word stimuli lead to no diffietiation between RVF and bilateral
conditions. However, maximum performance was a@ude following the
presentation of four stimuli. This finding appe#osoffer support to the idea that
summation in interhemispheric networks can occuhiwior across hemispheres

following the presentation of multiple stimuli.

Examination of a split-brain patient using a bitateedundant design with a lexical
decision task revealed no evidence of improvedoperdnce after bilateral stimulus
presentation in comparison to the best unilateesfopmance (Mohr et al, 1994a).

This finding is in contrast to the superior perfame on bilateral trials compared
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with unilateral trials for words but not pseudowsrdisplayed by healthy controls
(Mohr et al, 1994b). It appears clear from thessalts that an intact corpus callosum
is necessary for the production of a bilateral atlge in lexical processing. A lack
of bilateral advantage for words has also beenrgbdein schizophrenic patients
(Mohr et al, 2000), a further patient populationideed to demonstrate atypical
patterns of interhemispheric communication. Howewhile a neurocognitive

explanation of the bilateral advantage appearsffier @an account for the lack of

bilateral advantage observed in some split-braitteps (Mohr, Pulvermuller, &

Zaidel, 1994; Mohr, Pulvermuller, Rayman, et a@94), it should be noted that other
results with acallosal patients are more variables stated previously, there are
instances in which enhanced bilateral redundanégsghave been demonstrated,
particularly in the case of basic stimuli (e.g. Qallis, 1998). What appears to
differentiate these conflicting findings is the qaexity of the stimuli and task. For
example, redundancy gains in simple reaction tiaekd do not appear to require
interhemispheric communication mediated by the wergallosum, while more

complex comparison tasks or the use of more comgtienuli such as words appears

reliant on communication from both hemispheres.

Although explaining the differential aspect of thiéateral advantage in terms of cell
assemblies is useful, the bilateral advantage wbderuring simple stimulus
detection tasks does on the other hand indicateeimmunication may occur instead
at an earlier perceptual processing level. Theragsan that only meaningful stimuli
gain from bilateral stimulation is then violated fioydings from simple reaction tasks.
For example, a bilateral advantage has been oltséwvdoth pattern (Minussi et al.,

1998) and letter detection tasks (Miller, 1982) orbbver, while Zaidel and Rayman
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(1994) observed no bilateral advantage for pseudisvduring a lexical decision
task, a bilateral advantage was reported for pseoadis during a go-/no-go task.
Specific task requirements may then be influentralrelation to the bilateral
advantage. Indeed, it has been shown previously ttie involvement of each
hemisphere in face processing can vary as a funofithe specific demands of a task
(Sergent, 1985). Tasks resulting in a bilateralaatlyge from meaningful stimuli
seem to require that full stimulus identificatioocars. Specifically, lexical decision,
familiarity decision and object decision tasks ratuire some degree of stimulus
selection and this may be at the root of differenoetween stimuli types. In contrast,
simple reaction time paradigms do not necessitaite t It may therefore be that
different processing mechanisms are utilised falhgwsimple reaction time and
decision-making processes and that a differentialdval advantage as observed with
meaningful stimuli may only occur in tasks in whiéll stimulus processing is
required. For simple reaction time studies reqgifast visual detection, activation of
activity within cell assemblies will not occur, yehay benefit from bilateral
presentation due to higher overall cortical actoratelative to unilateral presentation.
No further stimulus processing is required follogvstimulus detection in such cases.
In contrast, decision tasks in which full stimuldentification is required will only
result in improved performance when stimuli arerespnted in neuronal networks to

allow for summation of activation in cortical cabsemblies.

Interhemispheric cooperation has however been shtwrbe absent for the
recognition of facial expressions (Schweinbergérale 2003). Participants were
required to classify facial expressions of unfaanifaces as either positive or neutral.

Results revealed that bilateral presentation didfadilitate performance for either
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facial expression type. This finding seems to saggeat it is not how meaningful a
stimulus isper sethat will yield bilateral activation of TCAs, buather it must be the

activation of concepts acquired through learniigpression recognition is proposed
to be an innate process (Ekman & Friesen, 1971) ifaso, it could be assumed that
this process would require no activation of acquirertical representations. As such,
a lack of bilateral advantage for the recognitidnegpression could be seen as

evidence in support of a neurocognitive theory.

While many aspectS of a neurocognitive model amapmdling, it should also be
remembered that unilateral and bilateral trial$edifn both the number of locations
stimulated and number of redundant copies, vasabl@ch may influence efficiency.
In an attempt to establish the extent performancéilateral trials might be due to
target redundancy rather than to stimulation ohldeemispheres, Marks and Hellige
(1999), used a paradigm in which two copies of idah nonword letter trigrams
were always presented on each trial for particpdatidentify. On unilateral trials
both copies of the stimulus were presented to &neesvisual field while on bilateral
trials, one copy of the stimuli was shown simultausy to each visual field. Results
revealed that the best performance occurred whenlstvere presented to the RVF,
worst for stimuli to the LVF, with intermediate p@mance on bilateral trials. Such a
finding indicates that for CVC identification, rasilancy gain is not restricted to
bihemispheric presentations. However, it is quitessible that interhemispheric
processing confers an advantage only for complerusitand as such remains an

issue for investigation.
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1.6 STRUCTURE OF THIS THESIS

The aim of this thesis is to use a variety of mdtlogies to explore patterns of
interhemispheric communication during the procepgsiof face and identity
information. Moreover, the scope and purpose ochstommunication will be under
investigation, with a focus on how patterns of ih&mispheric communication may
differ for familiar and unfamiliar faces. While ieence exists to show that
interhemispheric communication can occur for faanilfaces, it remains unclear
whether this collaboration is restricted to a sfip@t image level or whether more
abstract information can also be combined, perhagsart of a larger face processing
mechanism (e.g. Bruce & Young, 1986). A final amil be to determine how
observed patterns of interhemispheric communicatian be applied to existing

theoretical models of interhemispheric communicatio

Chapter 2 focuses on the scope of the bilaterahratdge in relation to faces and
whether collaboration between the hemispheres aaurowhen different, but
complimentary, facial information is presented &xle hemisphere. Until now, the
bilateral advantage for faces has only been oldatheough presenting identical
images of faces to each hemisphere. Therefoomlldboration can also be obtained
through the presentation of disparate yet relatéaimation, this may help elucidate
the nature of the information stored in the memmapresentations responsible for
such an effect. Specifically, insights into whethemmunication is of a pictorial or
more abstractive nature might be achieved. THeiseisvas investigated using faces

divided both vertically (Experiment 1) and horizalht (Experiment 2).
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Further exploration of the nature of interhemispheommunication forms the basis
of Chapter 3 in an attempt to determine whethentitleinformation denoting the
same concept can be communicated cross hemisgheri€ae purpose of this focus
is to investigate whether communication occurs #&bva sensory or more abstract
level of information transfer. Firstly, ExperimeBtattempts to establish whether
interhemispheric communication can provide a sietaxplanation for the bilateral
advantage observed for famous faces or whethecea madel explanation may be
more appropriate. Experiment 4 presents diffeireages of the same identity to each
hemisphere. The aim of this manipulation is t@alelssh if the bilateral advantage for
faces is an image-specific effect or whether ak wiher experimental domains, (e.g.
Marks & Hellige, 2003) communication can also ocatira more abstract level of
processing, perhaps related to identity. The fengderiments in Chapter 2 examine
the impact of presenting additional name infornmati@xperiment 5) along with
exploring differences between face and name prasens (Experiment 6). The
purpose of these experiments is to explore the ¢npfacross domain presentations
on hemispheric communication and to determine hdWerdnt identity modalities

differ from performance obtained for faces.

Through adopting a divided visual field priming pdigm, Chapter 4 explores the
nature of identity information capable of being eounicated cross hemispherically.
Specifically, Experiments 7 and 8 aim to extend fimelings of Bourne & Hole

(2006), in which evidence for asymmetric interhgrheric cooperation for familiar
faces was provided within a repetition priming feamork. The use of the same
image at prime and test within Bourne & Hole’'s (BDGtudy leaves open the

possibility that the priming effect observed reffeanage-specific rather than face-
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specific identity priming. Experiment 7 therefgpeesents different images of the
same identity at prime and target phases to exarmatestractive priming can occur
within and across the hemispheres. In additiom,etkistence of similar asymmetries
in cooperation is also investigated. Experimefddises further on the asymmetrical
cooperation observed by Bourne & Hole (2006), ardks to establish if such
asymmetry is a generalisable effect which can bbaiesed under different

experimental constraints.

The final experimental chapter (Chapter 5) aimsdg&iermine the purpose of
interhemispheric communication during face processi Previous studies have
demonstrated that task difficulty increases the eben of interhemispheric
communication. Establishing the impact of maragiag the difficulty of decisions
associated with faces was seen as a further meemggh which to study this effect
and ascertain the basis of any shift in processtylg. Experiment 9 therefore seeks
to establish whether altering the cognitive demaofds task through the division of
task relevant and task irrelevant identity infornmat within or across the
hemispheres, will impact upon performance. Expents 10 and 11 go on to adopt a
more frequently utilised divided visual field maitofp methodology to assess the
impact of task difficulty on interhemispheric comnization during face processing.
Both physical and identity matches for famous anthmiliar faces are examined; a
manipulation intended to alter the degree of dittic for which matches can be made.
Finally, it has been proposed that the visual systeonly capable of processing one
face at a time (Bindeman, Burton & Jenkins, 200Bxperiments 12 & 13 therefore
aim to establish how varying the number of facea idivided visual field semantic

matching task impact upon patterns of interhemisple®mmunication.
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Chapter 2

Interhemispheric Communication With
Divided Faces
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Introduction

Investigations into interhemispheric communicat{ttdC) have provided numerous
instances in which dividing information between themispheres can improve
performance for complex tasks compared to whengsing is restricted to a single
hemisphere (Compton, 2002; Koivisto, 2000; Liedermet al, 1985; Weissman &
Banich, 2000). For example, the bilateral advamtag which simultaneous
presentation of identical stimuli to both visuaklfis improves performance over
presentation to either hemisphere alone has beewordgrated for a wide range of
stimuli, including simple visual patterns (Millet982), colours (Roser & Corballis,
2003), and consonant—vowel-consonant syllabledi@des. Adamson, 2007; Marks
& Hellige, 1999, 2003). More recently the bilalemdvantage has also been extended
to include the more complex visual stimuli of farsofaces (Mohr, et al, 2002;

Schweinberger, et al, 2003).

While such studies provide evidence that bilatgn@tundant information can have a
facilitative effect on processing, it remains ulaclevhere the limitations of this effect
lie. Specifically, previous studies investigatimgmispheric communication using the
divided visual field paradigm with faces have alwgresented identical stimuli to
both visual fields. This therefore raises the tjoasof whether collaboration between
the hemispheres would still occur if different belated information were presented
to each hemisphere. Specifically, can informatioe bhared between the

hemispheres?
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Studies investigating the issue of interhemisphesimmunication in the face domain
have revealed that a bilateral advantage occursethundant famous faces (Mohr, et
al, 2002; Schweinberger, et al, 2003). However,hsac facilitative effect on
processing appears only to occur for stimuli treatehbeen previously learned such as
words and famous faces but not pseudo-words omilda faces. If the claim of
interhemispheric collaboration is to be acceptedh&se studies then it is proposed
that this communication may occur via learned @dbemblies spanning both
hemispheres via the corpus callosum (Pulvermulevighr, 1996). As described in
detail in the introduction, this explanation of thiéateral advantage postulates that if
a given cell assembly existing for a particularrhea concept is stimulated once
through input to a single hemisphere, then thdtasdembly activation will be less
efficient than if both hemispheres are stimulatesuttaneously. This being the case,
then the question of how such concepts are repexten these proposed cell

assemblies also arises.

One way in which such cooperative abilities mayirbeestigated further is through

the presentation of partial, but complimentary infation, to each hemisphere such
as divided faces. It would seem plausible thamtérhemispheric collaboration can
occur then presenting each hemisphere with oneofi@fdivided face may contrive a
situation in which this information may be recondanthrough cross-hemispheric
collaboration. If indeed disparate information tsuas divided faces can be
successfully combined, then this would expand oodewustating of the scope of
interhemispheric communication in addition to phrg an insight into the means by
which such information can be communicated. Spedly, to date the bilateral

advantage for famous faces has only been demastusing identical images of the
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same identity. Therefore, if evidence of collatora can be found using divided
faces then this may help elucidate the nature efrtformation stored in the memory
representations responsible for such an effectdredher this is of a pictorial or more
abstractive nature. Insights relating to this banseen from a bilateral advantage
previously demonstrated using perceptually diffestimuli of the same value (Marks
& Hellige, 2003). Whilst such a finding indicatdsat a great deal of abstract aspects
of information processing contribute to the bilateadvantage, the results of this
study also showed that when stimuli became toondisthe bilateral advantage was
diminished, thus making clear that physical chamstics of the stimulus may also

play an important role.

Although the collaboration of faces divided crossAmspherically has not been
investigated previously, the integration of facegid#d through other means has
been. Several behavioural studies investigatimgnéture of face processing have
revealed that strong integrative mechanisms aneek during facial processing. For
example, Tanaka & Farah (1993) demonstrated inr tiselated parts test that
participants are better able to recognise a featitren a previously learned face than
when that feature is presented in isolation. As ¢ffect does not occur for scrambled
faces, inverted faces or houses, it suggests lieateatures in upright faces, but not
other stimuli are represented interactively. Irdiadn, Young, Hellawell & Hay

(1987) have demonstrated in their composite facadigm that participants are
poorer at recognising an upper half or lower hélfiwo different faces when the two
halves are fused to make a composite upright faae tvhen the two halves are
misaligned or when the fused faces are invertaecth $indings therefore indicate that

whilst individual facial parts can be identifiedcacately in isolation, unifying these
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elements to form a whole acts to aid recognitidiiowever, this predisposition to
integrate can also lead to interference with retmgnwhen the parts do not belong

to the same identity.

Nonetheless, despite such strong integrative temelerthat occur when viewing
whole faces, faces can be divided and accurategmbined in an individuals mental
representation. For example, in a series of ssudsestigating the temporal division
of faces, Anaki, Boyd & Moscovitch (2007) presentetticipants with famous and
non-famous faces which had been separated into esggntonsisting of the top,
middle or bottom section of each face. These satgrfer which participants were
required to make familiarity judgements to werespreged in varying order and with
altering time lags between the face part segmerfisidings from these studies
showed that inversion and misalignment effects ¢dag¢ found when the interval
between the face segments was short. Moreovesiteeof the observed effect was
comparable to that of whole-face presentations.e ifiversion effect (Yin, 1969;
Diamond & Carey, 1986) is a frequently observedngineenon in which upright
faces are recognised more easily and accuratetyithverted ones, presumably as a
result of the configural information in the faceirge disrupted when a face is
inverted. It would appear that these temporaNyd#id face parts had been accurately
integrated into a complete facial representatioremgithat an inversion effect was

observed on the scale found for whole-face pretenta

The interactive processing of faces in the spat@hain has also been previously

observed. Yovel, Paller & Levy, (2005) investightihe interactive processing of

complete faces rather than face parts using a rtatshmple task in which centrally
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presented face stimuli were comprised of unilatéaalal information or bilateral
facial information from one face or two differerdaces. It was demonstrated that
accuracy for hemifaces from the same face wasegréazn the summed accuracy for
left and right hemifaces presented in isolatiomcltfa finding has been interpreted as
evidence of interactive processing as each half@fcentrally presented face stimuli
is projected to a different hemisphere and so regunterhemispheric integration.
However, as processing differences exist betweenptbcessing of parafoveal and
centrally presented stimuli, it remains unclear tke similar findings would also be
found if such stimuli were presented in the marofgrevious studies demonstrating

interhemispheric collaboration (e.g. Mohr et alp2p

Whilst it has been demonstrated that faces can ibeled and successfully

recombined in our mental representation, studiesgushimeric face stimuli also

make clear that certain aspects of a face domimateur mental representation.
Chimeric face tests are a widely used as a testeddbral lateralisation for face
processing in which participants are asked to mahtrally presented chimeric
faces, comprised of left and right halves of twiiedent faces (e.g. Levy, Trevarthen
& Sperry, 1972).  Typical results demonstratd ti@ only do participants perceive
a coherent face but LVF facial information domirsaite the mental representation of
the complete face. Such a left visual field/righémisphere bias has been
demonstrated for a range of variations to the chorfaces test including judgements
of emotion, sex, age and attractiveness (Burt &d®erl997; Chiang, Ballantyne &

Trauner, 2000, Christman & Hackworth, 1993).

37



A great deal of research into face recognitionfbaased on the areas of the face that
may be of greatest importance for recognition. &irdedly, facial features differ
considerably in terms of their saliency and perhapssequently their importance for
recognition purposes. For example, the internatuies are thought to be more
beneficial for familiar face recognition than theternal features (Ellis, Shepherd &
Davies, 1979; Young, Hay, McWeeny, Flude & EIli®85b). Moreover, the internal
features also differ in their saliency with the lacuegion appearing to be of greater
importance than the nose or mouth (Shepherd, Da&iédlis,1981; Schyns, Bonnar
& Gosselin, 2002). Whether this is as a resulsalfency of features or a top-down
scanning processing of faces remains under dismusd@ruyer & Coget, 1987;
Schwarzer, Huber & Dummler, 2005). It has been estgyl that hemispheric
asymmetries in face processing strategies may alsst. Sergent (1982a)
investigated this issue in a series of experimentshich participants were required
to make same-different responses to face drawingsepted in either the LVF or
RVF following a centrally presented face. Facdfedid only on the particular region
being tested on a given trial (e.g. eyes and moutResults revealed a top-bottom
strategy for RVF/LH faces and the use of the makest feature for LVF/RH faces.
Despite the existence of such apparent processyiraetries, later studies have
found no such evidence of differences in processiragegy between the hemispheres
with both always using a top-down strategy (e.gaddi Jordan-Brown & Juzwin,

1987).

These studies combine to demonstrate that whiésethre indeed elements of a face

that are particularly important for identificatiorecognition can nonetheless still be

achieved through the use of partial and less dalaal components. In addition,
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ability exists through which centrally presentedefs can be divided and recombined
to create accurate depictions of these faces imdimidual’s mental representation.
Therefore, the present studies aim to bring togetiie knowledge and apply it to the
field of interhemispheric communication in an atpgmo better understand the
confines of cross-hemispheric collaboration and theans through which
communication may occur. Specifically, given theecessful integration of divided
faces both spatially and temporally it is of intdréo investigate this issue cross-
hemispherically through presenting partial but cbmentary face parts to each
hemisphere. Successful integration of such dividegges will not only add to our
understanding of the limits of interhemisphericl@obration but findings may also

help elucidate the mechanism driving the effect.

Experiment 1:  Interhemispheric Communication Investgated

With Left and Right Face Halves

In Experiment 1, participants were required to qenf a familiarity decision on
partial but complementary face halves presentettiédeft and right hemispheres in

order to determine whether interhemispheric comatian would occur.

As stated above, previous research has demonsthatedientity can successfully be
obtained from a single face-half with LVF faciaformation predominating in the
mental representation of the complete face forpgbrception of both identity and
emotion (Heller & Levy, 1981; Campbell, 1978; Yovkevy, Grabowecky & Paller,
2003). Nonetheless, this process is not as peofi@s when viewing a complete face

(Yovel, Paller & Levy, 2005).
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If cooperation is occurring between the hemisphénesr we would expect to see
improved performance on conditions in which complmnary face-halves are
presented to each hemisphere in comparison to tiamslin which a single face-half
is presented to either visual field or indeed whea identical halves are shown in

both visual fields.

Method

Participants

36 participants (24 females) were paid for theitipgnation in the study. Participants
ranged in age from 17 to 28 yeahd € 20.9 years). Each participant had normal or
corrected-to normal vision. All participants westrongly right-handed (mean
laterality quotient = 95.6) as assessed by the Htnlgh Handedness Inventory
(Oldfield, 1971) and had no left-handed first-degmelatives. Participants were

recruited on the basis that they could recognistisBrand American celebrities.

Stimuli

Stimuli comprised 16 familiar and 16 unfamiliar éac(8 men and 8 women of each
category). Famous faces consisted of well-knowmoragc singers, politicians and
sport stars and were obtained from the Internenfakdiliar faces were matched to
famous faces with respect to gender, approximageaad any distinguishing features.
All faces were of neutral expression and were prieskin greyscale on a black

background. Faces were edited in Adobe Photosinopsalit down the vertical
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meridian to produce 2 face halves (left and righfthe on screen image size of each
face-half was 2.2cm wide x 3.2cm high or 2.2 by 3.@f visual angle. Stimuli
eccentricity (centre to fixation) was 3.0cm cor@sging to a visual angle of about

3 °. Figure 3 shows examples of left and righéfhaalf stimuli.

Figure 3. Example of left & right-hemiface stimuli.

Procedure

Participants were seated at a fixed distance om5ifom a 16inch monitor of an
Apple Macintosh G5 Workstation and used a chin-vagt a forehead restraint bar
centred relative to the viewing screen. Partidipavere instructed that they would be
presented with faces for which they must perforrfamiliarity decision task. In
addition, they were instructed not to move theiesefrom the fixation cross, and to
perform as fast and as accurately as possible. t@tiee difficult nature of the task,
prior to starting the experiment subjects were shauist containing the names of the

famous faces that would be seen during the trials.

Each trial began with the presentation of a cerfitxation cross for 1500ms followed

by the presentation of a face half for 150ms in oh8 presentation conditions. The
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fixation cross remained on screen during stimuloss@ntation to ensure proper
fixation. The inter-trial duration was 500ms inialina blank screen was shown. The
presentation conditions which were comprised ofndlateral presentations and 4

bilateral were as follows:

1. Left hemiface to LVF (L_LVF)

2. Left hemiface to RVF (L_RVF)

3. Right hemiface to LVF (R_LVF)

4. Right hemiface to RVF (R_RVF)

5. Left hemiface to LVF & RVF (L_BVF)

6. Right hemiface to LVF & RVF (R_BVF)

7. Left hemiface to LVF & complimentary right hewte to RVF (LR_BVF)

8. Right hemiface to LVF & complimentary left heaxk to RVF (RL_BVF)

Each identity was shown once in each of the eigdggntation conditions, comprising
4 experimental blocks with 256 trials in total. ialrorder was independently
randomised for each participant. A short practgsssion consisting of all
experimental conditions preceded the experimemssdion. Practice faces were not

shown subsequently.

Manual responses were made by computer keyboartl. regponses were made
bimanually by pressing two “familiar” keys with thiddle fingers of the left and
right hands and two “unfamiliar” keys with the indéngers of both hands. Key

assignment was counter-balanced between partisipa@ithough bimanual responses

42



were required, only the fastest response on ealhwtas analysed, regardless of the

hand used. The experiment was controlled usingdége version 10.

At the end of the experiment, participants wereuneqgl to rate their degree of
familiarity with each face seen in the experimemtaa3-point scale. Only participants
who had high familiarity ratings for at least 85%iloe famous faces were included in

the analyses. No participants were excluded anliasis.

Results and Discussion

Accuracy

Mean correct response rates for familiar and urlfamfaces in each of the 8

presentation conditions are shown in Figure 4.
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Figure 4. Percentage of correct responses across each 8ffesentation conditions

for familiar and unfamiliar faces.
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A two-way within subjects Analysis of Variance wasrried out with factors
familiarity (familiar / unfamiliar) and presentatiocondition (L_LVF / R_LVF /
L RVF / R_RVF / L_BVF / R_BVF / LR_BVF / RL_BVF).Results revealed no
significant main effect of familiarity,F(1,35) = 0.045,MSE = 0.165, or of
presentation conditior=(7, 245) = 1.693,MSE =0.01. There was however a
significant familiarity x presentation conditiontémaction,F(7, 245) = 4.017MSE =
0.012,p < 0.01. Analysis of the simple main effects reveaesignificant effect of
presentation condition for familiar faces onR(7,245) = 5.779MSE = 0.010,p <
0.01. Comparing means using the Bonferroni adjastnindicated that responses
were significantly more accurate for presentatidosthe LR_BVF conditions
compared to any of the unilateral field conditiofpi)R_BVF vs L_LVF, R_LVF,

L RVF, R_RVE p <0.01). This finding therefore reflects a bilateadlvantage for
the LR_BVF presentation condition in terms of aecyr Importantly, there was also
a significant difference between the LR_BVF and BYF presentation conditiong

< 0.01, demonstrating that it is not merely thesprgation of two complimentary
hemifaces that is responsible for producing theatfbut rather the orientation of the
hemifaces is also being encoded. In line with timding, there were also significant
differences between the LR_BVF vs L_BVF presentataonditions p < 0.05,
suggesting that it is not just additional stimulf®rmation in each visual field that is

responsible for this effect.

Whilst the accuracy data depicts somewhat low @pent performance on the task, it

should be noted that previous studies using brie$gntation of familiar faces in the

periphery of vision demonstrate similarly low ovehat rates (Compton, 2002; Mohr
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et al., 2002). Given that these studies used catmaces then such low accuracy

results for half faces is perhaps not surprising.

Reaction Times

Means of median reaction times for familiar andammifiar faces across the 8

presentation conditions are shown below in Figure 5
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Figure 5. Means of median reaction times across each of gregentation conditions

for familiar and unfamiliar faces.

A two-way within subjects Analysis of Variance weerried with factors as for the
accuracy analysis. Results revealed a significeain effects of familiarityF(1,35) =
31.119,MSE = 39890,p < 0.01, with familiar faces being responded tdelashan
unfamiliar faces (870.4ms vs 963.2ms) and also gmifstant main effect of

presentation conditiori;(7, 245) = 4.978MSE = 8105,p < 0.01. The familiarity x
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presentation condition interaction was also a ficamt, F(7, 245) = 4.073MSE =
6840,p < 0.01. Analysis of the simple main effects régdahere was a significant
effect of familiarity, with familiar faces beingsponded to faster than unfamiliar at
the R_LVF, R_RVF, LR_BVF and RL_BVF condition(35) > 4.688,MSE =
39890.7,p < 0.5. There was also a significant effect ofsprgation condition for
both familiar,F(7, 245) = 4.768MSE =8105, p < 0.01, and unfamiliar facé¥7,

245) = 3.648MSE =8105, p < 0.01.

Comparison of means using the Bonferroni adjustmerdgaled that for familiar faces
the LR_BVF was only significantly faster than theRVF presentation conditiop,<
0.01, thus failing to demonstrate any evidence oflaboration between the
hemispheres. Analysis of the unfamiliar faces aée that the LR_BVF presentation
condition was significantly slower than only theBR/F condition,p < 0.01, therefore
also suggesting no evidence of collaboration betvike hemispheres for unfamiliar

faces either.

Despite a failure to demonstrate evidence of IH@nfrthe reaction time data, the
accuracy results from Experiment 1 do however apfearovide evidence that left
and right face-halves can be successfully combitfedugh interhemispheric
collaboration. This is indicated by the performanadvantage for the bilateral
LR_BVF presentation condition in the accuracy ressulMoreover, this effect has
been shown to be sensitive to image orientatiorhilaVit could be argued that this
finding merely arises as a result of additionahsius information being available on
bilateral trials, the fact that performance is tgetiin the LR_BVF compared to the

RL_BVF in which the same amount of visual informatiis available suggests this
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may not be the case and that characteristics afrthge such as image orientation are
also being encoded. Again, as with previous retedhis effect is only apparent for
familiar faces a finding that is in line with preus research (Mohr, et al, 2002:

Schweinberger, et al, 2003).

Given the suggestion that identity information fraiwided faces can be transferred
interhemispherically, it raises the question of thilee a face may be divided by other

means so as to reproduce this effect.

Experiment 2:  Interhemispheric Collaboration Investgated With

Upper & Lower Face Halves

The results of Experiment 1 lend support to theoktypses that divided facial
information can be recombined through interhemigpheommunication. Given
these findings, the aim of Experiment 2 was agaiimvestigate whether a divided
face could be successfully combined across thebrdréhemispheres through
interhemispheric collaboration. Faces were tmsetidivided horizontally to create
top and bottom face halves. As stated previouslgr pesearch has suggested that the
features contained within the upper face, sucthagyes, are inherently more salient
than those in the lower half such as the nose aodthm(Bruyer & Coget, 1987).
Consequently, identification of the upper face balmay be intrinsically easier than
that of the lower halves. Indeed, it has been shthat a general upper over lower
features advantage exists irrespective of hemisplidmes, et al, 1987). As in
Experiment 1, it would be expected that if colladdmn between the hemispheres

occurs then this will be signalled by improved pariance on conditions in which
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complimentary upper and lower face halves are ptedeto opposite hemispheres

relative to performance when only a single facé-sgbresented to one visual field.

Method

Participants

16 participants (6 males and 10 females) were foaitheir participation in this study.

Participants ranged in age from 18 to 25 years (B0 years). Each participant had
normal or corrected-to normal vision. All partiaigs were strongly right-handed
(mean laterality quotient = 96.1) as assessed é¥thnburgh Handedness Inventory
(Oldfield, 1971) and had no left-handed first-degmelatives. Participants were

recruited on the basis that they could recognistssBrand American celebrities.

Stimuli

Stimuli were again comprised of 16 familiar and urfamiliar faces. Faces were
edited in Adobe Photoshop and divided into upper lawer segments by cropping
them along a horizontal line below the eyes. Témulting face halves (2 for each
identity) had an on screen image size of approxmaB.8cm high x 6cm wide

corresponding to 3.8 © x 6° visual angle. The egae of each half-face did however
vary depending on the position of the internaldead. Stimuli eccentricity (centre to
fixation) was 3.0cm corresponding to a visual argfl&°. Figure 6 shows examples

of upper and lower half-face stimuli.
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Figure 6: Examples of upper and lower half- face stimuli

Procedure

The experimental procedure was identical to Expenin2 with only the presentation

conditions altering. These were as follows:

1. upper half to LVF (upper_LVF)

2. upper half to RVF (upper_RVF)

3. lower half to LVF (lower_LVF)

4. lower half to RVF (lower_RVF)

5. upper half to LVF & RVF (upper_BVF)

6. lower half to LVF & RVF (lower_BVF)

7. upper half to LVF & complimentary lower half ®/F (up/low_BVF)

8. lower half to LVF & complimentary upper half ®/F (low/up_BVF)
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Results and Discussion

Accuracy

Mean correct response rates for familiar and uriffamiaces in the 8 presentation

conditions are shown in Figure 7.

——@— Familiar —-0— - Unfamiliar
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30.00% -

upper LVF upper RVF lower LVF lower RVF upper BVF lower BVF up/low_BVF low/up_BVF

Figure 7. Percentage of correct responses across each 8fgiesentation conditions

for familiar and unfamiliar faces.

A two-way within subjects ANOVA was carried out tvitactors familiarity (familiar
/ unfamiliar) and presentation condition (upper_LYkipper_RVF / lower_LVF /
lower_RVF / upper_BVF / lower_BVF / up/low_BVF & Wdup_BVF). Results
revealed no significant main effect of familiarif(1, 15) = 3.788MSE= 0.067, and

a significant main effect of presentation conditib(7, 105) = 13.95MSE= 0.010,p
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< 0.01. In addition, there was also a significimhiliarity x presentation condition

interaction,F(7, 105) = 17.305 < 0.01.

Analysis of the simple main effects revealed thré was a significant effect of
familiarity at the lower_ LVF,F(15) = 13.782,MSE = 0.067, p < 0.01, and
lower_RVF conditionsF(15) = 6.125MSE = 0.067,p < 0.01, with familiar faces
being responded to less accurately than unfanfdiegs. It appears that participants
may have developed a response bias to respondtiliaéd in these conditions. This
strategy may well have arisen as a result of thi@cudlt nature of the task,
specifically, face halves containing low levelsidgntity information appearing in the
periphery of vision. In addition, there was alsaignificant effect of presentation
condition for familiar faces. Comparison of mearsing the Bonferroni adjustment
revealed that responses to the up/low_BVF and lpvwBYF conditions in which it
was hypothesised that interhemispheric cooperati@y occur, were significantly
more accurate than the presentation conditionsagung just the lower halves of the
face (up/low_BVF vs lower LVF, lower_RVF, lower BYFfp < 0.05 and
low/up_BVF vs lower_LVF, lower RVF, lower_ BVFp < 0.05). In addition,
conditions containing just the lower face halveseansgnificantly less accurate than
those containing upper-face halves (upper_LVF wsweloRVF, upper LVF vs
lower LVF, p < 0.05; upper_RVF v lower RVF, upper_RVF vs lowevH, p <
0.05). These findings indicate that participaneymwell have found these specific
unilateral and bilateral lower-face conditions @néd too little identity information

to be able to carry out the task successfully.
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Consequently, the very low accuracy scores on ¢iongiin which just the lower-half
of the face was presented in comparison to the Rigly accuracy for conditions in
which the upper-half of the face was presented @vaulggest that the lower-half of
the face does not contain enough information fatigpants to make successful
familiarity judgements and consequently has letheoformation of near ceiling and

floor effects.

Reaction Times

Means of median reaction times for familiar andaummifiar faces in each of the 6

presentation conditions are shown below in Figure 8

——Familiar —-0—-Unfamiliar

1000

Reaction Time (ms)

upper LVF upper RVF lower LVF lower RVF upper BVF lower BVF up/low BVF low/up BVF

Figure 8. Median reaction times across each of the 8 presemteonditions for

familiar and unfamiliar faces

A 2-way within subjects ANOVA was carried out withctors as in the accuracy
analysis. Results revealed a significant mainceféd familiarity, F(1, 15) = 9.719,

MSE = 31683,p < .01, with familiar faces being responded to dasiverall than
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unfamiliar faces (839ms vs 909ms). There was ranneffect of presentation
condition, F(7, 105) = 1.985MSE = 8836, however, there was a significant
familiarity x presentation condition interactiof(7, 105) = 6.597MSE= 7484,p <

0.01.

Analysis of the simple main effects revealed thré was a significant effect of
familiarity at the upper_RVF presentation condiié(l5) = 4.883MSE =31683.6,

p < 0.05, with familiar faces being responded tddashan unfamiliar. This result
reflects a difference only between the fastest @mel of the slowest response times.
In addition, there was also a significant effectpogsentation condition for familiar
faces. Comparison of means using the Bonferropisatent revealed that as with
the accuracy results, responses to the up/low BWRditon and low/up BVF
condition were significantly faster only than thosenditions containing just the
lower half of the face (up/low_BVF vs low_LVF, lowg BVF vs low_LVF,
up/low_BVF vs low_RVF, low/up_BVF vs low_RVF, upfio BVF vs low_BVF,p <

0.05).

These findings based on analysis of reaction tianesn line with the findings of the
accuracy data. Specifically, it would appear faatiliarity decisions using solely the
lower-half of the face are too difficult for paipants to carry out the task

successfully and have led to the formation of fiear and ceiling effects.

Therefore, both performance measures demonstraae tte limited identity

information in the lower-face half in contrast withe ease of recognition for the

upper face halves has lead to a response biasgoneé ‘unfamiliar’ in these difficult
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conditions. As a result, this appears to havdddthe production of ceiling and floor
effects that act in obscuring any possible interispheric collaboration that may
have occurred. Despite failing to gain any realight into any interhemispheric
collaboration, the results of Experiment 2 do hosvegerve to provide further
evidence relating to the amount of facial inforroatithat is necessary in order for

successful face recognition to occur.

Chapter Summary

Both Experiments 1 and 2 sought to further elueidiaé types of information that can
be communicated interhemispherically through prexsgrpartial but complementary
face parts to each hemisphere. The results of riimpet 1 in which left and right

face halves were presented to each hemisphere,ndénated that such partial face
information can indeed be combined cross hemisphiéri This was indicated by
improved performance for familiar faces when comlntary left and right half-faces
were presented to each hemisphere. Such a findntts support to the notion that
just as faces can be divided and recombined thratighr mediums, divided facial
information can also be combined cross-hemisphbricioreover, these results also
indicate that in order for interhemispheric colleddmn to occur with faces, the

information presented to each hemisphere needeniotdmtical.

The results of Experiment 2 in which upper anddovace halves were used as
stimuli were however less conclusive. Specificailst there was some suggestion

that performance was improved for conditions in athcomplementary familiar
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upper and lower face halves were presented to kastisphere, it seems apparent
that the quality of identity information containedthe lower face halves, combined
with brief exposure in the visual periphery, resdltin a task too complex for
participants to carry out successfully. Consedugparticipants appeared to develop
a response bias to respond unfamiliar in conditcmgaining only the lower face half

so that any possible IHC may have been obscured.

Despite the inconclusive findings of Experimenttf2e results from Experiment 1
have made clear that different facial informatiomn cbe combined successfully
between the cerebral hemispheres. As a residtlethds support to the idea that the
information being communicated cross-hemisphegicalhy take the form of some
abstract identity code, rather than consistingoaf level visual information. Support
for this finding can be found from other studiesthie field examining the nature of
information communicated interhemispherically whibhve presented related yet
distinct information to each hemisphere (eg. Makidellige 2003, Patel & Hellige,

2007).

As with previous studies investigating interhemispd collaboration in the face
domain (Mohr et al.,, 2002; Schweinberger et al.,030 interhemispheric

collaboration appeared only to occur for familiacds. This finding adds further
support to a model of hemispheric communicationedépnt upon transcortical cell
assemblies acquired for learned stimuli only. Giveat no cell assemblies should
exist for unknown concepts, bilateral presentasbould produce no facilitation for

such previously unlearned face stimuli.

55



However, an alternative explanation for the findimg Experiment 1 could be that the
advantage arises merely as an artifact of additietianulus information being
available on bilateral compared with unilateraalgi Such an account may also be
applicable to other experiments displaying a bildtadvantage for redundant faces.
Specifically, as outlined in the introduction, itagn simply be that two stimuli
presented anywhere in the visual system will alwgiye rise to faster performance
than one. Consequently, performance on bilatel@stmay not be a product of the
stimulation of both hemispheres. Increasing thelmer of stimuli in a visual array
could simply result in faster detection as a restith race occurring between stimuli
or between hemispheres, and consequently improgddrpance might be therefore
be predicted for numerous instances in which mleltggimuli are presented both
crossing visual field and lying within them (MarKsHellige, 1999). Whilst it is
difficult to entirely refute this possibility witthe current experiments, the finding that
improved performance was only observed for bilaterals containing famous faces
is difficult to reconcile within such a theory ofrace between two competing stimuli
and does lend some support to a theory based erh@mispheric communication.
Further exploration into this issue would be of éf@rto help clarify the basis of the

bilateral advantage.

Moreover, whilst recognition can accurately be ot#d from one hemiface alone, it
is perhaps not surprising that performance onstreaintaining complimentary face
parts produced better performance than unilateeds tcontaining a single face half.
This may be due to the fact participants receieeraplete representation of the face
in these LR_BVF and RL_BVF trials. In additiongetfinding that performance is

better when complimentary face parts are preseitetheir original orientation
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(LR_BVF) compared to the reverse orientation (RLF\provides some evidence
that certain pictorial aspects of the stimuli aegng encoded that act in facilitating

integration of the face halves.

Therefore, evidence of interhemispheric collaborafior divided faces was obtained
from Experiment 1 along with the possibility thatarhemispheric collaboration is
reliant largely on late processing stages at whishial stimuli are recognised and
categorised as familiar. This possibility thateathigh level representations could be
the locus of this effect might be explored furtli@ough attempting to establish in
greater detail the nature of the information thatyrbe stored in the representations
thought responsible for the effect. One possibiitexploring the effects of dividing
other aspects of identity such as personal namegrmantic information. This idea
will be examined in the next chapter, along with gossibility that a race between the
hemispheres rather than interhemispheric collalworas responsible for the effects
described in this chapter and other experimentsmaxag interhemispheric

communication with faces.
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Chapter 3

Interhemispheric Communication With
Different Identity Formats
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Introduction

In the preceding chapter, the scope of interhenaispltollaboration was investigated
through presenting partial but complimentary faeetipto each hemisphere. Results
revealed that interhemispheric collaboration ot kid right face halves could be
achieved. This finding therefore provides somecaitibon that the information being
combined during this process may not lie at lowtgrial levels but rather could be
dependent upon more abstract information perhdptedeto identity. Exploring the
nature of this information transfer during interhgpheric collaboration will form the
basis of this next chapter. The results of Expenits 3 and 4 have recently been

published (Baird & Burton, 2008).

As outlined in Chapter 2, initial studies investigg the bilateral advantage with
faces have always presented identical images to betispheres, leaving open the
guestion of whether the bilateral advantage for mlem stimuli might also be
extended to include stimuli denoting the same cphceGiven the findings from
Experiment 1, in which interhemispheric cooperatappeared to occur for non-
identical complimentary face parts, it appears #isgtract identity information may
be transferred cross-hemispherically. This beimg tase, it might also be that
interhemispheric cooperation is possible for ddfdrimages of the same familiar
face. Indeed, it has been suggested that the abrigpresentations proposed to be
responsible for the bilateral advantage may be aieological equivalents of face
recognition units (FRUs) as proposed in Bruce andng’s model of face recognition
(Bruce & Young, 1986; Burton, Bruce, & Hancock, 298urton, et al, 2005). Such
FRUs are said to be structural codes that allowtlher identification of a face

independently of variations in image. Exploring etlter interhemispheric
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cooperation can occur with different images of same identity will therefore
provide a means of gaining insight into the likebkl of such a claim. Evidence in
support of this idea can already be seen in theodstration of a bilateral advantage
for perceptually different stimuli of the same wal{iMarks & Hellige, 2003; Patel &
Hellige, 2007), suggesting that at least in thee aa@snon-complex visual stimuli, the

bilateral advantage is not reliant on identicabrmfation.

If identity information such as that contained witlFRU like structures does form
the basis of the neuronal constructs involved inssthemispheric information
transfer, then the possibility that other formsiaéntity information may also be
contained within such cortical representations absigts. For example, according to
the interactive activation and competition (IAC) aheb of person recognition (Burton,
Bruce & Johnston, 1990), activation of the appratgricross-domain, modality—free
Person Identity Nodes (PINS) can allow FRUs to s€@mantic information that is
specific to an individual. This biographical infioation is said to be stored in
Semantic Information Units (SIUs), with access to iadividual’'s name being
achieved through their activation. It is therefareinterest to establish whether
similar patterns of interhemispheric communicatioight be achieved with identity
information other than faces, such as through tlesgmtation of personal names or
alternatively through cross-domain pairings of gaee@d names. This possibility that
alternate identity information may be combined tlylo interhemispheric cooperation

will be explored in the proceeding experiments

However, as stated in Chapter 2, the possibilitesd@xist that the presumed

collaboration occurring between the hemispheres imnayact be an artefact of
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additional stimulus information being available omilateral as opposed to bilateral
trials. Therefore, in addition to exploring theiura of any hemispheric collaboration,
this chapter will first examine the issue of whethige bilateral advantage reflects

interhemispheric cooperation or a race between etingpstimuli.

As described in the introduction, one interpretatd the bilateral advantage is that it
reflects a race between the processing of two cangpstimuli and facilitation after
redundant stimulation is a result of statisticallqability. Specifically, if both stimuli
are processed independently and in parallel, thadmpdere that is most efficient for a
particular task normally completes it first andieties a response. However, if the less
specialised hemisphere occasionally completes ahlke fastest, the overall average
processing speed will be faster than unilateralsgme&ation to the specialised
hemisphere. Hence a bilateral redundant advantag®éeavobserved. If indeed such
an account is accurate then this race model obila¢eral advantage may also be
applied to processing of pairs of stimuli anywhigréhe visual field. In addition, as
suggested by Marks & Hellige (1999), if increasthg number of stimuli results in
faster detection, then improved performance mighptedicted for a wide range of

stimuli, both crossing visual fields and lying witlthem.

Whilst there are several bilateral-advantage phemamin the literature which can
easily be accounted for by the race model (Coydl®98; lacoboni & Zaidel, 2003),
there are others for which such an account is haadexplain (Miniussi, Girelli, &

Marzi, 1998). For example, a race model strugglesxplain the differential bilateral
advantage observed for familiar and unfamiliar stim An alternate model based

upon hemispheric collaboration and Hebbian learn@ghanisms has therefore been
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proposed (Pulvermduller & Mohr, 1996). This accoumtich is described in detail in
the introduction, seems to provide a comprehensiceount of the observed
distinction between a bilateral advantage for faanihnd unfamiliar stimuli and also

certain observed relative hemispheric specialisatio

One means through which these two competing theofi¢he bilateral advantage for
familiar faces might be compared is to establishetiver a similar performance
advantage can be achieved when two identical stianalpresented anywhere in the
visual field. This issue was explored in a pagadby Marks and Hellige (1999) in
which two copies of identical nonword letter trigra were always presented on each
trial for participants to identify. On unilateralals both copies of the stimulus were
presented to the same visual field whilst on bildterials one copy of the stimuli was
shown simultaneously to each visual field. Resudt®aled that the best performance
occurred when stimuli were presented to the RVAstwior stimuli to the LVF, with
intermediate performance on bilateral trials. Wtités finding indicates that for CVC
identification, redundancy gain is not restrictecbthemispheric presentations it may
be the case that for more complex and meaningiuusitsuch as faces, a different

pattern of results emerges.

Experiment 3: Race Or Interhemispheric Cooperation?

In Experiment 3, participants were required to @enf familiarity judgments to pairs
of faces presented both centrally and bilateralpath visual fields in an attempt to
distinguish whether the bilateral advantage for dasfaces can be attributed to

interhemispheric communication or a race between tampeting stimuli in the
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visual field. It is hypothesised that if two (redlant) stimuli always give rise to
faster performance than one, this would lend supjpoa race model that does not
depend on differential processing across hemisphdnecontrast, interhemispheric
cooperation accounts predict a redundancy advanbafe when the stimulus is
presented separately to each hemisphere. MorefispHgj such an advantage would
only be expected to occur after the presentatiofamiliar stimuli for which learned

TCAs already exist.

Method

Participants

26 participants (16 females) were paid for thertipgation in the study. Ages ranged
from 18 to 24 yearsM= 20.2 years). Each participant had normal or ctekto
normal vision. All participants were strongly rigiinded (mean laterality quotient =
94.78) as assessed by the Edinburgh Handednesgdnyv€Oldfield, 1971) and had
no left-handed first-degree relatives. Participamse recruited on the basis that they

could recognise British and American celebrities.

Stimuli

Stimuli comprised 16 familiar and 16 unfamiliar éaqeight men and eight women of
each category) in greyscale. Famous faces compwsdieknown politicians, actors,
singers and sports stars and were obtained frormtemet. All were high-resolution

photographs, showing full-face views in greyscélaknown faces were matched to
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famous faces with respect to gender and any digshaqg features. All faces had
previously been rated for familiarity by a compaeagroup (i.e. students from the
same source, but not those who took part in thigeement). Faces were rated
‘definitely familiar’, ‘possibly familiar’, or ‘deinitely unfamiliar’. Only stimuli were
used which attracted ‘definitely familiar or ‘deftely unfamiliar’ ratings from all
subjects in this exercise. On screen image sizeappsoximately 3.5 cm high x 2.5
cm wide corresponding to a visual angle ofe%52.5 shown at distance of 57 cm.
Stimuli eccentricity was 3.0 cm (centre to fixafiaorresponding to-<3visual angle

and resulting in an inner visual angle of approxehal.75.

Procedure

Participants were seated at a fixed distance afrd#rom the 16 inch monitor of an
Apple Macintosh G5 Workstation, using a chin-resthwforehead restraint bar.
Participants were instructed that they would besgméed with faces for which they
must perform a familiarity decision task. They werstructed not to move their eyes

from the fixation cross, and to perform as fast aocurately as possible.

Trials began with the presentation of a centradtfon cross for 1500 ms followed by
a face for 150 ms in one of six presentation comast The fixation cross remained
on screen during stimulus presentation. The imtar-duration was 500 ms in which a
blank screen was shown. In single-stimulus conaétitaces were presented to the left
right, above or below fixation cross. In dual stlosiconditions, stimuli were to the
left and right of the fixation cross, or above dmlow it. Examples are given in

Figure 9.
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(i) Left visual field (LVF) (ii) Right visual field (RVF) (iii) Both visual fields, horizontal (BVF_H)

(iv) Upper visual ficld (upper_VF)  (v) Lower visual ficld (lower_VF)  (vi) Both visual fields, vertical (BVF_V)

Figure9: Presentation conditions of stimuli in Experiment 3

Each identity was shown once in each of the sisgmtation conditions, comprising
four experimental blocks with 192 trials in tot@rder of trials was independently
randomised for each participant. A short practicess®n consisting of all

experimental conditions preceded the experimergss$ion. Practice faces were not

shown subsequently.

Manual responses were made by computer keyboarddre8ponses were made
bimanually by pressing two “familiar” keys with thiddle fingers of the left and
right hands and two “unfamiliar” keys with the indéngers of both hands. Key
assignment was counter-balanced between partisipdhbugh bimanual responses
were required, only the fastest response on eahwtas analysed, regardless of the

hand used. The experiment was controlled usingdepesversion 10.
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Results and discussion

Reaction Times

Means of median reaction times for familiar and ammfiar faces across the six

presentation conditions are shown in Figure. 10.
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Figure 10: Means of median reaction times across each ofith@asentation

conditions for familiar and unfamiliar faces.

A two-way within subjects ANOVA was carried out tvitfactors familiarity
(familiar/unfamiliar) and presentation conditionME/RVF/upper VF/lower VF/BVF
H/BVF V). Results revealed a significant main effef presentation condition,

F(5,125) = 4.46, MSE= 870& < 0.05, but not of familiarityF(1,25) < 1. The
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familiarityxpresentation interaction was signifitaR(5,125) = 2.58, MSE= 934p,<

0.05.

Analysis of simple main effects revealed a sigaificeffect of presentation condition
for familiar faces onlyF(5,125) = 5.85, MSE= 870§ < 0.05. Comparing means
using the Bonferonni adjustment indicated that eesps to the BVF H condition
were significantly faster than either the LVF oetRVF { < 0.05) reflecting a
bilateral advantage. Importantly, reaction timesthe BVF V did not show a

significant advantage over any of the unilateraldstons.

Accuracy

Mean accuracy across conditions is shown in FidLie.
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Figure11l: Correct responses across each of the six presantainditions for

familiar and unfamiliar faces.
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A two-way within subjects ANOVA was carried outtlvifactors as for the RTs.
Analysis revealed a main effect of familiarif(1,25) = 9.9, MSE= 0.03% < 0.01,

with unfamiliar faces being recognised more acalyahan familiar faces, possibly
reflecting a bias to respond “unfamiliar”. Indeetthe hit and false alarm rates

presented in Table 1 appear to confirm this suggest

Condition Hits (%) False Alarms (%)
LVF 67.1 18.3

RVF 72.8 19.6

BVF_H 76.0 19.8

Upper_VF 71.4 24.0

Lower_VF 66.6 26.0

BVF V 68.8 26.0

Table 1: Percentage of hits and false alarms across eadfeof6 presentation

conditions in Experiment 3.

This bias may be occurring because of the diffioalture of the task, involving fast
presentations in the periphery of vision, rathantbecause of a general unfamiliarity
with the faces. Indeed, previous studies usingf lmiesentation of familiar faces in
the periphery of vision demonstrate similarly loweaall hit rates (Compton, 2002;
Mohr et al., 2002). There was also a significanimedfect of presentation condition,
F(5,125) = 3.763, MSE = 0.009p < 0.01, however no significant
familiarityxpresentation condition interactiorf(5,125) = 1.58, MSE= 0.014.
Comparisons between means for familiar faces redeanly that the BVF H
condition was significantly more accurate than lth& condition,F(1,125) = 3.92p

< 0.05. As with the reaction time analysis, the BVFondition did not show any

performance advantage over any unilateral condition
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These results show quite clearly that an advantag@resenting two face stimuli
occurs only when they are horizontally aligned. (@ee to each visual field), and not
when they are vertically aligned (above and belmxation). Whilst stimuli presented

in the vertically aligned condition were presenteal both hemispheres, this
information was complementary (the left and rightvies of the faces) and did not
prove sufficient to produce any form of performaragdvantage. Only when
redundant information was presented simultaneotslypoth hemispheres was an
effect observed. Such a finding supports the haerispheric communication
account of the bilateral advantage for face stijarnd suggests that race accounts (at
least those depending on competition between gisnybrocessing which is
independent of hemisphere), will not suffice foegh stimuli. A more subtle aspect of
the data concerns the familiarity by condition rattions in RTs and accuracy. There
appears to be some evidence for a speed-accuradg-aff here. When single
familiar faces were lateralised to either the leftright visual fields they were
responded to as quickly yet less accurately théanihiar faces. When the faces were
presented to upper or lower fields, the familiarzea were responded to as accurately
yet slower than unfamiliar faces. The overall h@sespond ‘unfamiliar’ is evident in
both these patterns, though why it should be msiatedifferently in vertical than in

horizontal presentation planes is not clear.

Whilst certain aspects of these results remain eamgclit would appear that the

evidence does however point towards an explanatidhe bilateral advantage that is

based upon interhemispheric communication rathan th race between competing
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stimuli. This being the case, it is of interestesiablish in greater detail the nature

and quality of such collaboration.

Experiment 4.  Different Image Of Same Identity

Experiment 3 lends support to an interhemisphergoant of the bilateral advantage
phenomenon and so it is of interest to investidatther the precise nature of this
communication. As stated above, initial studiesestigating the phenomenon with
faces have used identical copies of a stimulusepted to both hemispheres leaving it
open to speculation whether the bilateral advantaflects co-operation at either a
pictorial or more abstractive representation of shiemulus. Experiment 4 aims to
investigate this issue. In addition, it is hopédttresults may also help elucidate
whether the cortical representations responsibil¢hi® bilateral advantage can indeed
be likened to neurobiological equivalents of fa@rognition units (FRUs) as

suggested previously. In order to ascertain whetthese abstract structures might
underlie the bilateral advantage, Experiment 4 entsstwo different images of the
same identity simultaneously to both hemispheifesu¢h a manipulation leads to a
bilateral advantage, this would suggest co-oparatet an FRU-like level.

Alternatively, a reduction in the bilateral advaggan such circumstances may imply

a more image-based cooperation mechanism.
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Method

Participants

28 participants (16 females) were paid to take ipatthis study. Ages ranged from 18
to 25 years NI= 20.3 years). Each participant had normal or otedtto normal
vision, and all were strongly right-handed (meaterklity quotient = 96.5) as
assessed by the Edinburgh Handedness Inventoryfi€ldld1971) with no left-
handed first-degree relatives. Participants weceureed on the basis they be able to

recognise British and American celebrities.

Stimuli

Stimuli comprised two different images of 16 familiand 16 unfamiliar identities
(eight men and eight women) in greyscale. Famdianuli were again well-known

politicians, actors, singers and sports stars, dhfferent from those used in

Experiment 3. Face images were obtained from theyriat. Again, unknown faces
were matched to famous faces with respect to geamttiany distinguishing features.
All faces had previously been rated for familiariBifferences between pictures of
each identity were obtained by selecting images lhd been taken using different
cameras or at different time periods. On screemarsaze was approximately 3.5 cm
highx2.5 cm wide, corresponding to a visual angld.5> x2.5 shown at distance of
57 cm. Stimuli eccentricity was 3.0 cm (centreit@ation) corresponding to-3sisual

angle and resulting in an inner visual angle ofrapimately 1.75.
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Procedure

The experimental procedure was the same as for riexpat 1. Presentation

conditions were as follows:

(1) Left visual field only (LVF).
(2) Right visual field only (RVF).
(3) Identical images to both visual fields (BVF sgm

(4) Different images of the same identity to boiual fields (BVF diff).

Examples of stimuli used in the bilateral same difterent trials can be seen in

Figure 12.

Figure 12: Example of stimuli. The left hand figure showssili used in Bilateral
Same trials and the right hand figure shows stimaid in the Bilateral Different

trials.

Each identity was shown once in each of the foes@ntation conditions, giving 16
pictures per category and 128 trials in total. Bseaere allowed every 32 trials. As
before, a short practice session preceded the iexg&r proper, but practice faces

were not shown subsequently.

72



Results and Discussion

Reaction Times

Means of median reaction times for familiar andammfiar faces across the four

presentation conditions are shown below in Figie 1

‘ —— Familiar —-O— - Unfamililar ‘
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840 -

820 -

800 -

780 -

Reaction Time (ms)

760 -

740 -

LVF RVF BVF same BVF_diff

Figure 13. Means of median reaction times across each of dle presentation

conditions for familiar and unfamiliar faces

A two-way within subjects ANOVA was carried out tvitfactors familiarity
(familiar/unfamiliar) and presentation conditionME/RVR/BVF same/BVF diff).
Results revealed a significant main effect of pnést@on conditionfF(3,81) = 5.572,
MSE = 4335,p < 0.01, but not of familiarityF(1,27) = 1.596, MSE = 16,367. The
familiarityxpresentation condition interaction waso significantF(3,81) = 3.604,

MSE = 6617.626p < 0.05.
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Simple main effects revealed that familiar facesenresponded to significantly faster
than unfamiliar faces however only at the BVF samedition,F(1,27) = 5.870, MSE
= 16,367,p < 0.05. More importantly, there was a significaffee of presentation
condition for both familiar £(3,87) = 8.121, MSE = 433%,< 0.01) and unfamiliar
faces F(3,87) = 2.952, MSE = 4339 < 0.01). Comparison of means for familiar
faces, using the Bonferroni correction, revealelilateral advantage for the BVF
same condition (BVF_same vs. LVF, BVF same vs. RVE,0.01). The BVF_ diff
condition produced significantly faster responsestthe LVF presentation condition,
p < 0.01, and a ns trend for an advantage over the €dition,t(81) = 1.591p =
0.11. There was no significant difference betwéentivo bilateral conditions. For the
unfamiliar faces, further analysis revealed no esysitic pattern of results, with
significant differences occurring between the L\ffel 8VF diff conditionsp < 0.01,
RVF and BVF same conditionp,< 0.01and between the BVF same and BVF diff

conditions,p < 0.01.

Accuracy

Mean correct response rates for familiar and urfanfaces in the four presentation

conditions are shown in Figure 14.
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Figure 14: Percentage of correct responses across each diotnepresentation

conditions for familiar and unfamiliar faces

A two-way within subjects ANOVA was carried out tvifactors as in the RT
analysis. This revealed a significant main effdcpr@sentation conditiorf;(3,81) =

3.02, MSE = 0.006p < 0.05, but no main effect of familiariti#(1,27), = 3.69, MSE
= 0.047. There was, however, a significant famtlyax presentation condition

interaction,F(3,81) = 4.15, MSE = 0.0p,< 0.01.

Simple main effects showed a significant effectpoésentation condition for both
familiar, F(3,81) = 7.47, MSE= 0.00f,< 0.01, and unfamiliar faceg(3,81) = 2.83,
MSE= 0.006,p < 0.01. Comparison of means using the Bonferropusichent
revealed that for familiar faces there was no d#ffiee between the two unilateral
conditions, and no difference between the two @ikt conditions. However, both
bilateral conditions produced significantly highaccuracy than either unilateral

condition p < 0.01 in all cases). Analysis of the unfamiliamstli revealed only that
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LVF was significantly more accurate than either tbke bilateral presentation

conditions,p < 0.05.

Table 2 shows a breakdown of the accuracy scores hits and false positives.
Unlike the previous experiment, there is no evidetius time for a bias towards

‘unfamiliar’ responses, and no evidence of a spesEmracy trade-off.

Condition Hits (%) False alarms (%)
LVF 72.1 26.1

RVF 73.0 315

BVF_same 79.0 31.0

BVF_diff 79.7 29.9

Table 2. Percentage of hits and false alarms across eadheokix presentation
conditions in experiment 1

Experiment 4 replicates the standard bilateral athge previously observed for
pictures of identical familiar faces, and this paitis observed in both RT and
accuracy. However, there is also evidence for boHation at a more abstract level.
There is a clear bilateral advantage for differiemiges of the same familiar face in
the accuracy data, where performance is indistgiglle from the standard effect
using identical images. The RT data is however ¢ésar, showing only a trend in the
direction of an advantage across different imagesken together, these results
demonstrate that interhemispheric collaboratiorea$f can operate at an abstract
level, such as that corresponding to an FRU inrtee®f face recognition. However,
as with several other explorations into face redagn there appears to be an extra
advantage for co-operation at the image level. é&@mple, repetition priming for
identities survives a change of image between prameé test, though priming is

largest when identical images are used (e.g. Hligle, Young, & Burton, 1996).
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The results of Experiment 4 lend support to the idhat interhemispheric cooperation
is not dependent on the presentation of identidalrimation to each hemisphere but
rather occurs as a result of the communication afenabstract identity information.
It therefore seems possible that other aspectdaritity such as names or semantic
information may also be contained within such cfiessiispheric communications.
This being the case, it should be possible to ekseridence of interhemispheric
communication using identity information that cresstimulus domains, such as the
presentation of a face and complimentary name ¢b Bamisphere. This possibility

will be explored in the next experiments.

Experiment 5: The Effect Of Additional Name Information On The

Bilateral Advantage For Famous Faces.

Given thatthe presumed hemispheric cooperation observed perfiitrent 4 occurred
at a non-image specific level, it is of interesegiablish whether identity can also be

combined across domain through the presentatidacefand name combinations.

Whilst personal names are obviously lexical itethgjr unique association with an
individual and linked semantic knowledge resultsthem differing from common
nouns. Nonetheless, although controversy does agito whether or not personal
names are represented in the left or right hemrgshet seems likely that as with
other lexical information the left hemisphere iscadominant in the processing of
personal names (Schweinberger, Langrebe, Mohr &frdann, 2002). Therefore,

given the respective left and right hemispheric ohamces for names and faces it will
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be of interest not only to establish whether evideaf interhemispheric cooperation
can be found for the collaboration of personal rarmed complimentary faces but
also whether there will be additional advantage rwhach hemisphere receives its

preferred stimulus input compared to the presenmtaif faces alone.

Method

Participants

30 participants (20 females) were paid for theirtipgoation in the study. Ages
ranged from 18 to 23 years (M = 20.lyears). Eaaltigipant had normal or
corrected-to normal vision. All participants westrongly right-handed (mean
laterality quotient = 93.26) as assessed by thentitnigh Handedness Inventory
(Oldfield, 1971) and had no left-handed first—degrelatives. Participants were

recruited on the basis that they could recognistisBrand American celebrities.

Stimuli

Stimuli comprised 16 familiar and 16 unfamiliar égq(eight men and eight women of
each category) in greyscale. Famous faces were agdi-known politicians, actors,
singers and sports stars and were obtained frorintamet. All were high-resolution
photographs, showing full-face views. Unknown fasese matched to famous faces
with respect to gender and any distinguishing festu On screen image size was
approximately 3.5cm high by 2.5cm wide correspogdio a visual angle of

approximately 3.5°x 2.5° shown at a distance oh%s7c
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In addition, 16 familiar and 16 unfamiliar nameseres used as stimuli. Familiar
names corresponded to the familiar faces whilsamiilfar names were constructed
and matched to familiar names on the basis of gendenber of syllables, number of
letters and nationality before being paired with wrfamiliar face. For example,
HUGH GRANT was matched with DAVE BRENT. Names westewn in capital
letters with the first name presented over the sg@coame so as to avoid any
confounding of acuity resulting from the surnamebecloser or further away from
fixation. All names were between 4 and 7 lettensgl with a mean length of 5.5
letters. Names were presented in white font A2dl,pt size, corresponding to an
onscreen size of 0.5 cm or approximately 0.5° suai angle. All stimuli were
presented on a black background at an eccentdti®zm corresponding to 3 degrees

visual angle (centre to fixation).

Procedure

The experimental procedure was the same as forgueexperiments in this chapter.

Presentation conditions were as follows:

(1) Face, left visual field (LVF)

(2) Face, right visual field (RVF)

(3) Face, both visual fields (BVF_face)

(4) Face left visual field & corresponding nameghtivisual field
(BVF_face/name)

(5) Face right visual field & corresponding nanedt Visual field

(BVF_name/face)
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An example of the bilateral presentation conditiowhich a face was shown to the

LVF and a name to the RVF can be seen in Figure 15.

+ MAGGIE

BALFOUR

Figure 15. Example of stimuli used in the BVF_face/namalsti

Each identity was shown once in each of the fivesentation conditions, giving 16
pictures per category and 160 trials in total. aBeewere allowed every 40 trials.
Prior to beginning the experiment participants wsiewn list of the names of the
identities they would be presented with duringtiiieds. As before, a short practice
session preceded the experiment proper, but peafetoes and names were not shown

subsequently.

Results and Discussion

Accuracy

Mean correct response rates for familiar and uriffamiaces in the 5 presentation

conditions are shown in Figure 16.
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Figure 16. Percentage of correct responses across each ob tpeesentation

conditions for familiar and unfamiliar faces

A two-way within subjects Analysis of Variance wasarried out with factors
familiarity (familiar / unfamiliar) and presentatio condition (LVF / RVF /
BVF_name/face / BVF_face/name / BVF_face). Reswdi®aled no main effect of
familiarity, F(1, 29) = 3.48 MSE = 0.062. There was however a significant main
effect of presentation conditiof(4, 116) = 15.983MSE = 0.009,p < 0.01. In
addition the presentation condition x familiaritptaraction also proved to be

significant,F(4, 116) = 3.364MSE = 0.01,p < 0.05.

Analysis of the simple main effects revealed a ificant effect of presentation
condition for both familiarF(4, 116)= 14.504 MSE= 0.009,p < 0.01 and unfamiliar
stimuli F(4, 116) = 5.395MSE =0.009 p <0.01. Comparison of means using the
Bonferroni adjustment revealed that for familiarmstli, there was a bilateral
advantage for both of the presentation conditiorentaining a name and

complimentary face (BVF _face/name vs LVF, BVF faeee vs RVF,
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BVF _name/face vs LVF, BVF_name/face vs R\W=0.01). This finding suggests
that the hemispheres can collaborate to combire dad name information. There
was no significant difference between the BVF _faasle and BVF_name/face
conditions,p>0.05. This indicates that there was no bias eviftereach hemisphere
receiving its favoured mode of stimuli as prediatealy be the case. In addition, both
conditions containing names and faces (BVF_facetn&@&nBVF_name/face) were
significantly more accurate than the bilateral g¢bod containing just faces
(BVF_face/name vs BVF face; BVF_name/face v BVEef@ < 0.01). Such a
result suggests that there is an additional adgenfiar seeing names combined with
faces over faces alone. Whilst the BVF_face coowlitvas significantly more
accurate than the LVIp < 0.01, it failed to reach significance when coneglato the
RVF,p > 0.01. Consequently, there was no observetebdbadvantage for faces as

has been shown previously.

For unfamiliar stimuli, comparison of means usihg Bonferroni correction revealed
that BVF_face/name and BVF_name/face conditiongwa&nificantly more accurate
than BVF_facep < 0.01. There was also a significant bilateralaadage for the
BVF_face/name condition (BVF_face/name v LVF, BV&cd/name RVFp<O0.01.
As with the familiar stimuli, these results seem demonstrate a performance

advantage for receiving names over faces.

Additional name information does then appear toultesn interhemispheric
collaboration. However, accuracy scores for coadgicontaining names are nearing
100% and so it seems possible that as with preveapsriments, ceiling effects may

have been approached and thus obscured the ture wdthe findings.

82



Reaction Times

Median reaction times for familiar and unfamiliszacés across the 4 presentation

conditions are shown below in Figure 17.
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Figure 17. Means of median reaction times across each of thgreSentation
conditions for familiar and unfamiliar faces.

A two-way within subjects Analysis of Variance wearried out with factors as for
the accuracy analysis. Results revealed a signtficein effect of familiarity=(1, 29)
= 19.486 MSE =23596.9,p < 0. 01 and of presentation conditiéi{4, 116) = 4.698,
MSE =4297.3,p < 0.01. In addition there was a significant faamity x presentation

condition interactioni(4, 116) = 13.8168MSE=4181.0p < 0.01.

Analysis of the simple main effects revealed aifitant effect of familiarity at the

BVF_face/name and BVF_name/face conditions with ilfam stimuli being
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responded to faster than unfamiliar, (BVF_face/ndaie, 29) = 17.254MSE =
23596.9p < 0.01,and BVF_name/facé;(1, 29) = 9.581MSE =23596.9p < 0.01).

In addition, there was also a significant effectpoésentation condition for both
familiar, F(4, 116) = 13.013MSE =4927.3,p < 0.01, and unfamiliar stimulk(4,
116) = 3.408MSE =4927.3,p < 0.01. Comparison of means using the Bonferonni
adjustment revealed almost an identical pattenesilts as for the accuracy analysis.
Specifically, there was a bilateral advantage fothbof the presentation conditions
containing a name and complimentary face (BVF_fem®e vs LVF,
BVF_face/name v RVF, BVF_name/face v LVF, BVF_ndae# v RVF,p <0.01).
This finding indicates possible collaboration ofnmea and face information. In
addition, there was this time a significant diffece between the BVF_face/name and
BVF_name/face conditiong, < 0.01, suggesting there may indeed be a bias fdr eac
hemisphere receiving it's dominant mode of stimuliAgain, BVF_face/name
performance was significantly faster than the bialt condition containing just faces,
p < 0.01. As with the accuracy data, whilst the BY4€e condition was
significantly faster than the LVFp < 0.01, it failed to reach significance when
compared to the RVR > 0.01. Consequently there was again no bilatehahntage

for faces as has been shown previously.

Unlike the accuracy results, analysis of the unfiamidata revealed only an
advantage for the bilateral condition containingtjéaces over both the name and
complimentary conditions, BVF_face/name v BVF_facBVF _name/face vs
BVF face,p > 0.01. It would appear therefore that a speed-acgurade-off has

occurred for the unfamiliar BVF_face condition.
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These findings appear to demonstrate that additioame information can be
successfully combined with facial identity acrobge themispheres as indicated by
improved performance on these conditions relatige uhilateral presentation
conditions and also the bilateral presentationdeintical faces. Previous research
investigating the classification of face and namhentification processes has shown
that faces can be categorised based on familister than written names however
the same names can be named faster than facesd,YbMaweeny, Ellis & Hay,
1986). Therefore, the results reported here do not seaeflect an advantage to one
stimulus type but rather the pooling of a sharedceptual activation. In addition,
due to the very high accuracy results it seemsilplesshat performance ceiling
effects may have been reached and thus may ob#ter&rue magnitude of any

effects.

The lack of bilateral advantage for famous faceprasiously seen is also an unusual
finding and may be an artefact of the aforementioceiling effects. It seems
possible that showing the names of the identitiesr go the experiment may have
reduced the difficulty of the experiment. Consedlye it may be of value for further
investigations in this area to put in place otheasures to increase the difficulty (eg.

decrease stimulus size).

Given the findings from Experiment 5 indicatingdritemispheric cooperation can
occur for cross-domain pairings of face and nanferimation, it is of interest to
explore this issue further and establish whethemwdh words, interhemispheric

cooperation can also occur for famous personal same
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Experiment 6: Interhemispheric Communication Invesigated With

Personal Names

Previous studies demonstrating a bilateral advantagwords but not pseudo-words
(Mohr et al, 1994) and also for famous but not omnfiar faces has been taken as
evidence that interhemispheric collaboration occordy for learned complex

information. It therefore seems that interhemisjgheollaboration, as indicated by a
bilateral advantage, is likely to occur for the gmetation of famous names but not
unfamiliar names in a manner similar to that witimbus faces and words.
Experiment 6 will investigate this issue whilst@lsomparing any advantage to the
presentation of two identical faces so as to gameasure of the magnitude of any

effect.

Method

Participants

30 participants (17 females) were paid for theirtipgation in this study. Ages
ranged from 18 to 24 years (M = 22.4 years). Epalticipant had normal or
corrected-to normal vision. All participants westrongly right-handed (mean
laterality quotient = 95.7) as assessed by the litngh Handedness Inventory
(Oldfield, 1971) and had no left-handed first-degmelatives. Participants were

recruited on the basis that they could recognistssBrand American celebrities.
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Stimuli

Stimuli were comprised of the same 32 face and riamages used in Experiment 5.

Procedure

The experimental procedure was the same as forgueexperiments in this chapter.

Presentation conditions were as follows:

(1) Name, left visual field (LVF)
(2) Name, right visual field (RVF)
(3) Name, both visual fields (BVF_name)

(4) Face, both visual fields (BVF_face)

Each identity was shown once in each of the 4 ptasen conditions, giving 16

pictures per category and 128 trials in total. s l#efore, a short practice session
preceded the experiment proper, but practice fases names were not shown
subsequently. Prior to starting the experimebjesiis were shown a list containing

the names of the famous faces that would be se@mydhe trials.
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Results and Discussion

Accuracy

Mean correct response rates for familiar and urlfanfaces in the 4 presentation

conditions are shown in Figure 18.
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Figure 18. Percentage of correct responses across each of} theesentation

conditions for familiar and unfamiliar faces.

A two-way within subjects Analysis of Variance wasarried out with factors
familiarity (familiar / unfamiliar) and presentatio condition (LVF / RVF /
BVF_names / BVF_faces). There was no main effetamiliarity F(1, 29) = 1.366,
MSE = 0.026, however there was a significant mainctféd presentation condition
F(3, 97)= 15.647,MSE =0.016,p < 0.01. In addition, the familiarity x presentati

condition interaction was also significakt(3, 87) = 13.160MSE= 0.010,p < 0.01.
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Analysis of the simple main effects revealed tlzaifiar stimuli were shown to be
significantly more accurate than unfamiliar stimbbwever only at the BVF_face
presentation conditior(1,29) = 14.664MSE= 0.026,0 < 0.01. Familiar stimuli did
not differ significantly across any presentatiomdition, F(3, 87) = 1.533MSE =
1.366, however there was a significant effect dammliar stimuli across presentation
conditions, F(3, 87) = 22.316 MSE = 1.366. Comparison of means using the
Bonferroni adjustment revealed that the BVF_facesentation condition was

significantly slower than all other conditions?> 0.05.

As with the accuracy results in Experiment 5, ipegrs that performance may again
have reached a ceiling, with scores for conditioesching close to 100%.

Consequently, it is difficult to gain a true measof any possible collaboration that
may be occuring between the hemispheres. Theagam an obvious disadvantage

for faces compared with names.

Reaction Times

Median reaction times for familiar and unfamilisacés across the 4 presentation

conditions are shown below in Figure 19.
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Figure 19. Means of median reaction times across each of thgre4entation

conditions for familiar and unfamiliar faces.

A two-way within subjects Analysis of Variance wearried out with factors as for
the accuracy analysis. Results revealed a signifimain effect of familiarityF(1,
29) = 27.037MSE =20722.9p < 0.01, with familiar faces being responded tadas
than unfamiliar faces (736ms v 832ms). There wWss a significant main effect of
presentation conditiofR(3, 87) = 5.022MSE = 7493.3p < 0.05. The familiarity x
presentation condition interaction was howeversigrnificant,F(3, 87) = 2.438MSE

= 3437.8.

Contrasts between means for selected factors exy¢laht the RVF was significantly
faster than BVF_face presentation conditib(l, 87) = 6.62p < 0.5. In addition the
BVF_name condition was significantly faster thae tiVF presentation condition,
F(1, 87) = 8.32p < 0.05, indicating no real pattern of interestwesn presentation

conditions.
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Results for both the accuracy and reaction timéopmance provide no evidence of
any interhemispheric collaboration, possibly assult of performance ceiling effects.
As with Experiment 5, participants were shown thenas of the identities they would
see during the experiment prior to starting thé& t@sd this may have lead to this
effect. It would therefore be of interest to refpibgs experiment with increased task
difficulty, in a manner as described in Experimgnt It may also be that presenting
only single name familiar and unfamiliar stimuli yn@ake them more comparable to

the words used in previous experiments that foubitbéeral advantage.

Chapter Summary

The aim of the present experiments was firstlystalgish whether interhemispheric
communication can provide a suitable explanation tlee bilateral advantage
observed for famous faces (Experiment &). addition, the following experiments
sought to define the nature of the information camimated during such interaction
in an attempt to establish whether this commurocaticcurs at a low sensory or more

abstract level of information transfer (Experimefit® & 6).

Results from Experiment 3 revealed the establidhilederal advantage for famous
faces (Mohr et al., 2002; Schweinberger et al., 330However, no similar
performance advantage was observed when both Yemespresented centrally. This
seems to suggest that the bilateral advantagarfoods faces relies on the positioning
of faces within the visual system and not merelytba presence of additional
stimulus information on bilateral presentations.iMtrsuch a finding is at odds with
Marks and Hellige (1999) who found no advantage riestundant stimuli being

presented to both visual fields compared with pregen to the dominant RVF/LH,
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it may simply be that an advantage for interhenmgsighprocessing is seen only when
stimuli are sufficiently complex, such as the u$éaces in Experiment 3. Complex
stimuli may have more distributed neural networkghwlinks spanning both
hemispheres whilst more basic CVC stimuli may obé represented in a single
hemisphere. In this way, bilateral presentatiorsy ronly provide a processing
advantage for complex stimuli due to the ignitiohvader of neural networks.
Consequently, a model of interhemispheric inteoactbased on Hebbian learning
mechanisms seems more useful than a race modelpiai@ng these findings, a
claim supported by several neuroimaging and neyobwdogical results (Mohr,

Endrasss, Hauk, & Pulvermiller, 2007; PulvermU2&05).

However, according to a transcortical cell assematcount of the bilateral
advantage, it is also assumed that redundancy gainsg be found for meaningful,
learned stimuli presented both unilaterally anétbeilally. Mohr et al. (1996) tested
this hypothesis using words and pseudowords thrgogiparing unilateral redundant
stimulation (two stimuli in either the LVF or RVRyith bilateral redundant
stimulation in which one or two stimuli were presshsimultaneously in each visual
field. Results revealed that when two-word stimdire presented, no difference was
observed between RVF and bilateral conditions. éie®, when four stimuli were
presented (two to each visual field), this produttedoptimal performance compared
with all other conditions. It was argued that susion in interhemispheric networks
might occur within or between hemispheres when re¢\epies of a stimulus are
presented at the same time, regardless of stimolcetion (Mohr et al. 1996).
However, it was not possible to determine the mflce of redundancy on unilateral
stimulation using this design. The results ap&iment 3 seem to suggest that

presenting stimuli to both hemispheres may havadatitional effect on the bilateral
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redundancy gain, perhaps as stated above due tadhthat bilateral stimulation may
result in the ignition of more widespread cell asskes than when only a single
hemisphere is stimulated. Further experiments ctlyrecomparing redundant

unilateral and bilateral stimulation would howeberneeded to fully establish this.

Given this result, Experiment 4 presented diffenemhges of the same identity to
each hemisphere to establish if the bilateral aggnis reliant on identical images.
Results demonstrated that the bilateral advantageot an image specific effect,
suggesting that hemispheric communication may loeroag at a more abstract level
of processing, perhaps related to identity. Thasdéirfgs are consistent with several
other studies in the field examining the naturanéérmation combined during the
bilateral advantage (e.g. Marks & Hellige, 2003teP& Hellige, 2007). Marks and
Hellige (2003) presented participants with thregitdiumbers as either digit trigrams
or as dot-pattern trigrams. These stimulus forma&&e combined on bilateral
redundant trials to produce bilateral consistertt grconsistent conditions in which
trigrams would either be in the same format oreepnt the same numeric quantity in
different formats respectively. Consistent with dimdings in Experiment 4, results
revealed a bilateral gain even when the numerimdébs of the stimuli differed. This
again indicates that the bilateral advantage is awotfined to instances in which
physically identical stimuli are used. Of partiquiaterest was the additional finding
that the greatest bilateral gain was found whemgtiwere presented in the same
numeric format. This again mirrors our finding iRderiment 4 in which the greatest
bilateral advantage was found when identical famiages were presented to both
hemispheres. In addition, it should be highlightddt the bilateral advantage

observed in Experiment 4 only occurred for famous ot unfamiliar faces. This
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once again lends support to a model of hemisploememunication dependent upon

TCAs acquired for learned stimuli only.

Experiments 5 and 6 examined the impact of prasgradditional name information
(Experiment 5) and also compared how combining lfammames compared to that of
familiar faces (Experiment 6). Results revealett Hdditional name information can
be successfully combined with facial identity asrdeemispheres as indicated by
improved performance on these conditions relatige uhilateral presentation
conditions and the bilateral presentation of id=itfaces. As with Experiment 2 in
Chapter 2, performance was particularly high andsequently ceiling effects may
have been reached and obscured the magnitude @bamyunication. Experiment 6
revealed no real evidence of collaboration occgriior personal names. Such a
finding is surprising given previous demonstratiohs: bilateral advantage for words.
It may be this result has arisen due to an expetiahartefact such as the personal
names used in Experiment 6 consisted of both &dird last name whilst experiments
demonstrating a bilateral advantage with words hased single word items. An
issue for future research may therefore be to pte$@mous personal names

recognisable from one name only.

The finding in Experiment 5 in which performanceswaster when each hemisphere
received its preferred stimulus input is particlylanteresting. This result suggests
that not only can information be communicated clomsiispherically but the cerebral
hemispheres can utilise their differential domireafar name and face processing to
optimise the bilateral advantage and this inforomatiransfer. Therefore, cross-

domain communication can occur with the optimallatmration occurring when
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faces are presented to the LVF/RH and corresponaiamges to the RVF/LH. This
finding lends support to the idea that differenhiamispheric processing biases arise
as a result of cell assemblies that are distribusgimmetrically across both
hemispheres with denser connections contained rwitieé specialised hemisphere.
Therefore, given that interhemispheric collaboratiwas greatest when faces were
presented to the LVF/RH and corresponding naméd¢oRVF/LH compared to the
reverse face/name presentation this may be explamgrms of spreading activation

from the dominant to the less dominant hemisphere.

The findings of Experiments 4 to 6 indicate thathbsuperficial and conceptual
aspects of the stimulus contribute to the bilatathlantage. Given that most callosal
fibers connect homologous regions of the cerebehigpheres, this finding is
perhaps to be expected (e.g. Vercelli & InnocelrB3). Therefore, it is possible that
different identity formats such as different imagdsthe same identity or personal
names may activate areas of the cortex and hericassemblies that whilst similar
are not completely identical. Consequently, whmdears to be important is that each
identity format activates sufficiently homologouse@s so as to provide adequate
activation to produce a bilateral advantage. Aseoled in Experiment 4, such an
advantage may however be less robust than if iclrgtimuli were presented to both
hemispheres. This idea that different stimulusniis access related yet distinct
cortical access routes receives support from Pated Hellige (2007), who
demonstrated, in a task difficulty paradigm, thaking stimulus formats within a
hemisphere can increase the processing capacityabfhemisphere, a concept that

will be explored further in Chapter 5. It theref@ppears that as suggested by Marks
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& Hellige (2003), the size of the bilateral advayganay be a product of the extent to

which stimuli on bilateral trials activate homolagoareas in both hemispheres.

Experiment 5 demonstrated that the bilateral adgetould be enhanced for cross-
domain face/name pairings and so an area for furdsearch would be to establish
whether this advantage could also be found usingaséc information related to a
particular identity. It has been proposed thatgleceptual and semantic information
related to face processing may be differentialtgridised with the right hemisphere
specialising in the processing of perceptual infation whilst semantic aspects of the
face may show either a bilateral or more left h@imese distribution (Ellis, 1983;
Rhodes, 1985; Kampf, Nachson, & Babkoff, 2002).hisTbeing the case, not only
might evidence of interhemispheric communicationfdaend, adding weight to an
account of the information transfer based on FRg-tructures, but it may also
provide a means to maximise this collaboration uglopresenting each hemisphere

with its dominant mode of stimuli.

Thus far, it has been demonstrated that informatian be communicated cross-
hemispherically for a range of face stimuli andrats, with the evidence suggesting
that information transfer is reliant on abstragieads of the stimuli, perhaps related to
identity. The next chapter now turns to the isstipriming and whether this effect

can be observed both within and cross-hemispheres.
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Chapter 4

Within And Across Hemisphere Repetition
Priming With Familiar Faces
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Introduction

The experiments in Chapter 3 examined the natudesapnpe of interhemispheric
cooperation through the use of a divided visuddlfgaradigm in which various face
and name manipulations were made. Results revehbtdboth abstract identity
information and cross-domain face-name pairings Idcobe communicated

interhemispherically, with optimal communicationcaaing when each hemisphere
received its dominant mode of stimuli. Many of thealities of the interhemispheric
communication observed appeared to be consistgéhtthe systems governing face

processing.

Another means through which interhemispheric coatmn can be examined is
through the use of priming paradigms. Primingneft® the phenomenon in which
prior exposure to a stimulus facilitates its sulosed processing. Repetition priming
in the face domain is well established (e.g. ENisung, Flude & Hay, 1987; Lewis &
Ellis, 2000) with robust effects that are long ilagtand persistent through changes in
image (Bruce & Valentine, 1985; Ellis, Flude, Your® Burton, 1996), and
judgement between prime and test (Ellis, Young &deél 1990). It has also been
demonstrated that repetition priming prevails ewgh a lack of explicit judgements
being made to stimuli (Jenkins, Burton & Ellis, 200 However, larger priming
effects are nonetheless observed when the sameistgnesented at prime and test
(Ellis, et al, 1996). In the case of repetitiompng using familiarity decisions, the
effect has also been shown to be domain specific Bruce & Valentine, 1985) and
reliant on the use of familiar faces (Campbell &Haan, 1998). Perhaps the most

widely accepted explanation for such repetitionmpmg effects comes from the IAC
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model of person recognition (Burton, Bruce & Jobnst1990), in which presentation
of a familiar face is believed to lead to strengihg of the links between the face

recognition units (FRUs) and associated persortityarodes (PINS).

One way in which typical priming investigations cdre adapted to study
interhemispheric communication is through the use divided visual field paradigm
in which prime and target stimuli are presente@itber the same or opposite visual
fields. Given the architecture of the visual systét follows that priming will only
occur on across visual field trials if informatidhat is presented to opposite
hemispheres is shared. Specifically, interhemisph@mmunication should allow
for primes presented to one hemisphere to impawh wpbsequent recognition in the
other hemisphere. Not only can this paradigm gleva means for investigating
interhemispheric  communication through across-fielgresentations, but
intrahemispheric abilities can also be examinedanditions where prime and target

are presented to the same hemisphere, requiringerdemispheric communication.

Several studies have adopted this methodology fmoex the lateralisation of
language and semantic processing (e.g., Aberneti§og&ey, 1996; Collins, 1999;
Koivisto & Hamalainen, 2002). However, to dateyotwo studies have examined
lateralised repetition priming in the face domdoyrne & Hole, 2006; Cooper, et al,
2007). Bourne & Hole (2006, experiment 1) presgmarticipants with lateral prime
faces followed by the same image as a centralttaf@esults demonstrated evidence
of priming for familiar faces preceded by LVF/RHipes yet no similar effect for
RVF/LH primes. This finding was extended by Cappet al (2007) through the

presentation of lateral primes again followed bitcaly presented targets. However,
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this study differed from Bourne & Hole’s, (2006) that they presented different
images of the same identity at prime and test asans of testing for abstractive
priming.  Results revealed priming effects fotHhomage—specific and abstractive
priming conditions with hemispheric differences thre processing capabilities for
these prime and target types also emerging. Toeglaeded that the right hemisphere
stores and processes images in an image-dependanemwhilst the left hemisphere

operates in a more abstract fashion.

Bourne & Hole (2006, Experiment 2) also exploregtihemispheric communication
through a repetition priming paradigm in which te@me image of familiar and
unfamiliar faces were presented at prime and tesither the same or opposite visual
fields. Evidence for within LVF/RH priming was fod yet no within RVF/LH
priming, a surprising result given that both herheses are believed to contribute to
face processing despite a RH dominance. Impoytatitty also found evidence of
across-hemisphere priming and consequently intadpdmaric cooperation. Whilst
this cooperation was observed to occur in bothctizas (LH to RH and RH to LH),
there was evidence of an asymmetry in communicatiath greater cooperation
occurring from the RH to LH than vice versa. Sfeally, transfer of information
from the LVF/RH (prime) to RVF/LH (target) faciliad priming in comparison to the
within RVF/LH condition, suggesting that interhephgric cooperation most likely
occurred from the RH to the LH to facilitate recdgm. In addition, as the reverse
effect was not observed when the prime was preddnt¢he RVF/LH and target to
LVF/RH, it appears that interhemispheric communocatcan act to facilitate
recognition. The asymmetry of this communicatios baen explained by way of a

RH dominance for face processing (Bourne & Hol€&0
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However, whilst Bourne & Hole (2006), provide evide for interhemispheric
cooperation for familiar faces using a repetitiarming framework, their use of the
same image at prime and test leaves open the pibgsibat the priming effect
observed in this study reflects image rather tlae{specific identity priming. The
present studies therefore aim to extend thesenysdpresented above and to explore
whether abstractive identity priming can also ocbath within and across the

cerebral hemispheres.

Experiment 7: Within And Across Hemisphere Repetiton Priming

Using Different Images At Prime And Test.

Experiment 7 aims to extend the findings of BoukeHole (2006), in which
asymmetric repetition priming was observed to ocboth within and across
hemispheres. Specifically, the presentation detght images of the same identity at
prime and test to opposite visual fields shouldphebtablish whether cross-
hemispheric abstractive priming is possible andseguoently provide evidence of
interhemispheric cooperation. Given the findinisCooper, et al. (2007), in which
image-specific and abstractive hemispheric primirag observed, combined with the
evidence of abstract interhemispheric communicateported in Chapter 3, it would
seem that such abstract cross-hemispheric primsitigaly. Whilst repetition priming
for identities survives a change of image betwesme and test, priming is largest
when identical images are used (e.g. Ellis, etl8B6). Therefore, any observed
priming effects in this present study may be smatienagnitude than those reported

previously. The presentation of prime and targetsin hemisphere will also provide
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further insight into the operation of each hemisphén isolation whilst the
interhemispheric condition may provide interestingsight into role of

interhemispheric communication during face procegsi

Method

Participants

32 participants (16 females) were paid for their ggvtition in the study. Ages ranged
from 18 to 24 yearsM = 20.2 years). Each participant had normal oremted-to
normal vision. All participants were strongly rigiinded (mean laterality quotient =
94.78) as assessed by the Edinburgh Handednesgdnyv€Oldfield, 1971) and had
no left-handed first-degree relatives. Participamse recruited on the basis that they

could recognise British and American celebrities.

Stimuli

Prime Phase

Stimuli comprised photographs of 32 British and/8erican celebrities. Famous

faces consisted of well-known politicians, act@mgers and sports stars and were

obtained from the Internet. All were high-resolatiphotographs, showing full-face

views in grey scale. On screen image size wasoappately 4.5cm x 6.5cm

corresponding to a visual angle of 4.5 x 6.5 degrg®own at distance of 57cm.
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Stimuli eccentricity was 3.0cm (centre to innermedge) corresponding to 3° visual

angle.

Target Phase

Different (unseen) images of the same 64 celebritiged in the prime phase were
shown as stimuli. These identities were shown eitmeéhe same visual field as the
prime identity or in the opposite visual field, gbat both within and across
hemisphere priming could be assessed. An addit@hdamous and 96 unfamiliar
faces were also presented as stimuli (half to ¢fftevisual field and half to the right
visual field). Unfamiliar faces comprised imagdsamonymous male and female
models, which were selected to provide a close mfaticthe famous faces in terms of
approximate age, good looks and distinguishingufeat During the course of the
whole study, the face images were rotated arounelxpkerimental conditions so that
each face appeared in each condition an equal nuofligBnes. Again, as with the
prime phase, all images were high-resolution phafaigs, showing full-face views in
grey scale. On screen image size was approximétetyn x 6.5cm corresponding to
a visual angle of 4.5 x 6.5 degrees shown at distarfi 57cm. Stimuli eccentricity

was 3.0cm (centre to innermost edge) corresportdi3g visual angle.

Procedure

Participants were seated at a fixed distance om5ifom a 16inch monitor of an

Apple Macintosh G5 Workstation and used a chin-vagt a forehead restraint bar

centred relative to the viewing screen.
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For the Prime Phase, participants were presenttd faces for which they were to
make a British or American nationality decisionhey were instructed not to move
their eyes from the fixation cross, and to perfamfast and accurately as possible.
Trials began with the presentation of a centradtion cross for 1500ms followed by a
face for 150ms in either the LVF/RH or RVF/LH whialas immediately followed by
a backward mask comprised of a scrambled face stvantrally for 1850ms. The
fixation cross remained on screen during stimulussentation. The inter-trial
duration was 500ms in which a blank screen was sh&&sponses were recorded for
2000ms after stimulus onset and any response tafeperiod was deemed to be a

miss and the next trial was initiated.

Each identity was shown once in either the LVF/RHRYF/LH comprising 64 trials
in total. Order of trials was independently randsedli for each participant. A short
practice session consisting of all experimentalddmns preceded the experimental

session. Practice faces were not shown subsequently

Manual responses were made by computer keyboarddre8ponses were made
bimanually by pressing two “British” keys with tih@ddle fingers of the left and right
hands and two “American” keys with the index firgef both hands. Key assignment
was counter-balanced between participants. Althobghanual responses were
required, only the fastest response on each tial analysed, regardless of the hand
used. The experiment was controlled using PsySeepston 10. A trial summary for

prime and target conditions can be seen in Figlre 2
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500ms 500ms

1850ms

1500ms 1500ms

Figure 20: Trial summary for (i) Prime LVF/RH and (ii) TargelVF/LH conditions.
This example shows an across LVF/RH to RVF/LH trial

Following completion of the prime phase, subjectrevinstructed via an onscreen
message to contact the experimenter. After thostdireak, the unexpected test phase
was initiated. The experimental procedure for ffisse was identical to the prime
phase however subjects were this time instructednéke speeded familiarity
decisions to the presented faces. Again, respongs made via a bimanual
keyboard response with two “familiar” keys with theddle fingers of the left and
right hands and two “unfamiliar” keys with the indéingers of both hands. Key
assignment was again counter-balanced betweertipartts. Subjects underwent 4
experimental blocks consisting of 64 trials totagli192 trials. Order of trials was

independently randomised for each participant.
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Results and Discussion

Prime Phase

The main purpose of the task in the prime phasetevassure subjects were focusing
on the target stimuli. Incorrect responses weseatded and mean RTs and accuracy

were calculated for responses to LVF/RH and RVFdadditions.

LVF/RH RVF/LH
Reaction Time (ms) 990.8 1023.8
Percentage Correct 67.32% 67.06%
Table 3: Mean reaction times and accuracy for Prime Phaseilsfpresented to

the left and right visual fields.

Prime phase data was not analysed further.

Target Phase

Reaction Times

The data of principal interest were the responseprimed and unprimed famous

faces presented during the test phase.

106



Means of median correct reaction times for theed#ht experimental conditions are

shown below in Figure 21

Bl Target LVF/RHO Target RVF/LH

960.000
940.000
920.000
900.000-|
880.000
860.000

Reaction Time (ms)

840.000-

820.000+
LVF/RH RVF/LH Unprimed-familiar

Prime Condition

Figure 21. Means of median reaction times to famous facehentarget phase of

Experiment 7.

A two-way within subjects ANOVA was carried out tvifactors Prime Condition
(LVF(RH) / RVF(LH) / unprimed) and Target Visualdfd (LVF(RH) / RVF(LH)).
There was only a significant main effect of prinondition,F(2, 62) = 4.151MSE =
7391.4,p < 0.05. Neither the main effect of Target Visuall@jé-(1, 31) = 0.948,
MSE=9962.95, or the Prime Condition x Target VisualéiinteractionfF(2, 62) =

0.180,MSE= 9733.82, reached significance.
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Comparisons between means for selected factorghforfactor Prime Condition
revealed only a significant difference between timprimed and primed RVF/LH

conditions,F(1, 62) = 8.20p < 0.01.

Accuracy

Percentage of correct responses across experinoemiditions is shown below in

Figure 22.

E Target LVF/RHU Target RVF/LH

80.00%

75.00%

70.00%

65.00%

% Correct

60.00%
55.00% r
50.00% ‘

LVF/RH RVF/LH Unprimed-familiar

Prime Condition
Figure 22. Correct responses across each of the experimemtditons
A two-way within subjects Analysis of Variance wearried out with factors as for
the Reaction Time analysis. Results again reveadyl a significant main effect of

Prime ConditionF(2,62) = 16.663MSE = 0.014, p < 0.01. In addition, both the

main effects of Target Visual Fielér(1,31) = 1.933MSE = 0.014, and the Prime
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Condition x Target Visual Field interactioR(2, 62) = 1.965MSE = 0.011, did not

prove significant,p > 0.05.

Comparison between means for selected factors Herfactor Prime Condition
revealed that both the LVF/RH and RVF/LH conditionere significantly more
accurate than the unprimed condition; LVF/RH v umed, F(1, 62) = 21.24p <
0.01, RVF/LH vs unprimedF(1, 62) = 28.25p < 0.01. This finding indicates
evidence of priming given that both prime condisowere significantly more
accurate than the base-line unprimed conditionerdtwas however no difference
between the LVF/RH and RVF/LH prime conditioig1, 62) = 0.50,p > 0.05,
therefore indicating no asymmetry in recognitiorilfeation for targets to either

visual field.

Results from Experiment 7 therefore indicate thdilst abstractive priming can
indeed occur both within and across hemispheresietlis no evidence of any
asymmetry between the direction of interhemisphesimmunication or between any
prime conditions. Participants were equally faaiéd by primes presented in the
same or opposite visual field to target faces withdifferentiation in performance
between within and across hemisphere conditions. hilstv the finding of
interhemispheric identity priming was anticipatede fact that the asymmetry in
interhemispheric communication observed by Bourndde (2006) was not seen, is
more surprising. Given that the use of differanbges at prime and test usually
weakens priming effects compared to same imageptasons, it might be expected
that performance across all conditions might ingu@ater costs. However, not only

did there appear to be any observable costs ferhamispheric communication but
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priming also occurred when both prime and targetewwesented to the RVF/LH,

again an effect not observed by Bourne & Hole, @00The LH is known to have

face processing capabilities despite being lessirtiorh than the RH and so priming
within this hemisphere is perhaps to be expectédr reasons stated above, it is
unclear why these results differed from previoupeginents presenting the same
image at prime and test. Whether such differentessults observed between those
of the current experiment and those of Bourne &eH@O006) can be explained by
differences in processing style or differences letwexperimental methodologies

will be explored in Experiment 8.

Experiment 8: Repetition Priming Using The Same Imge At Prime

And Test

The aim of Experiment 8 was to re-examine the isguepetition priming within and
across the cerebral hemispheres however througlemtiag the same face images at
prime and test. The purpose of this manipulatioanisattempt to determine whether
the lack of performance differentiation across mrinconditions observed in
Experiment 7 can be attributed to differences iocpssing mechanisms for image-
specific and abstractive cross-hemispheric primirgpecifically, if evidence of an
asymmetry between interhemispheric communicatiorobserved, then this may
imply that the lack of such an effect in Experiméhtcould be attributed to a
difference in processing for image specific andtralotive interhemispheric priming.
Alternatively, a repeat of an undifferentiated gnm effect may simply imply that
differences between experimental manipulations amethodology between this

experiment and Bourne & Hole’s (2006) study areoaotable for the effect.
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Method

Participants

24 participants (16 females) were paid for their ggsation in the study. Ages ranged
from 18 to 26 years (M = 21.3 years). Each pardietphad normal or corrected-to
normal vision. All participants were strongly riginded (mean laterality quotient =
95.32) as assessed by the Edinburgh Handednesgdnyv€Oldfield, 1971) and had
no left-handed first-degree relatives. Participamse recruited on the basis that they

could recognise British and American celebrities.

Stimuli

Stimuli comprised the same images used in Expetimien However, whilst
Experiment 7 presented different images of the sdemwity at prime and test phases,
in Experiment 8 identical images of each identigrevpresented at these stages. On
screen image size was again approximately 4.5cnbon6 corresponding to a visual
angle of 4.5 x 6.5 degrees shown at distance ah5&timuli eccentricity was 3.0cm

(centre to innermost edge) corresponding to 3%vViangle.

Procedure

The experimental procedure was the same as forriaxgeat 7. An example of the

prime and target phases can be seen below in Fagure
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(i) (ii)

500ms 500ms

1850ms

1500ms 1500ms

Figure 23: Trial summary for (i) Prime LVF/RH and (ii) TafgRVF/LH conditions.
This example shows an across LVF/RH to RVF/LH trial

Results and Discussion

Prime Phase

As with Experiment 7, the main purpose of the priphase was to ensure subjects
were focusing on the target stimuli. Incorrectpasses were discarded and mean

RTs and accuracy were calculated for response¥fdRH and RVF/LH conditions.

LVF/RH RVF/LH

Reaction Time (ms) 1050.3 1058.5

Percentage Correct 68.27 63.63

Table 4: Mean reaction times and accuracy for Prime Phaswili presented to

the left and right visual fields.
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Prime phase data was not analysed further.

Target Phase

Reaction Times

Again, the data of principal interest were the oesgs to primed and unprimed

famous faces at test phase.

Means of median reaction times for the differenpesxmental conditions are shown

below in Figure 24.

E Target LVF/RHO Target RVF/LH

1000.000

950.000-+

900.000-+

850.000+

800.000-

Reaction Time (ms)

750.000-

700.000-

LVF/RH RVF/LH Unprimed-familiar
Prime Condition

Figure24. Means of median reaction times to famous facelartast phase of

Experiment 8.
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A two-way within subjects Analysis of Variance wearried out with factors Prime
Condition (LVF(RH) / RVF(LH) / Unprimed) and Targ®tisual Field (LVF(RH) /
RVF(LH)). Results revealed a main effect of targsual field, F(1, 23) = 5.968,
MSE= 5509.7 p < 0.05, and of prime conditiof(2, 46) = 6.788MSE= 10585.2p
< 0.01. In addition there was a significant prig@ndition x target visual field

interaction,F(2, 46) = 4.296MSE= 6135.2p < 0.05.

Analysis of the simple main effects revealed tluatthe factor Target Visual Field,
there was a significant difference between readiimies only at the RVF/LH prime
condition, F(1,23) = 12.00,MSE = 5509.7 p < 0.001, with responses being
significantly faster when targets were shown to Ih~/RH compared with the
RVF/LH. Specifically, the across_RVF/LH to LVF/R¢bnditions was significantly
faster than the within RVF/LH. This finding is ime with the findings of Bourne &
Hole (2006) and presumably reflects processingstssie from the dominant right

hemisphere in the across field condition.

There was also shown to be a significant effegirohe condition for both LVF/RH,
F(2, 46) = 6.10MSE =10585, p < 0.001, and RVF/LH targeiq2, 46) = 3.178,
MSE = 10585,p < 0.051. Looking first at the LVF/RH target conditions, coanmg
means using the Bonferonni adjustment indicated \hrgen primes were shown to
either the LVF/RH or RVF/LH (i.e. prime and targetLVF/RH or prime RVF/LH
and target LVF/RH), responses were significantstdathan the unprimed condition
(p <0.05). This is an important finding as it indes that for LVF/RH targets,
priming can occur within and across hemispheregair this is in-line with the

findings of Bourne & Hole (2006). There was nongigant difference between
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reaction times for the LVF/RH and RVF/LH prime cdmahs suggesting that
performance is equally facilitated by RH targeegardless of whether primes are
shown within or across visual fields and with nbseguent cost for interhemispheric

communication.

Interestingly, in the case of the RVF/LH targetsere was this time a significant
difference between LVF/RH and RVF/LH prime condisop < 0.05). Specifically,
responses when primes were shown to the LVF/RH tangkts to the RVF/LH
condition were significantly faster than when bghme and target were shown
within RVF/LH. This finding again suggesting thRH primes aid subsequent
recognition possibly through the transfer of infatran from the dominant to the less
dominant hemisphere. In addition, whilst resporsethe LVF/RH prime condition
compared to the unprimed condition were not sigairitly faster, there does appear to
be a definite trend in that direction. Interestynghere was also no significant
difference between reaction times to the RVF/LHm@iand unprimed conditions,
indicating no evidence of priming occurring wittire LH. Again this finding differs
from results in Experiment 7 in which priming wabkserved for both prime and
targets to the RVF/LH conditions yet it is congstevith the findings of Bourne &

Hole (2006).
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Accuracy

Percentage of correct responses across experimaniditions is shown below in

Figure 25.

[ Target LVF/RH Target RVF/LH

85.00%

80.00%-

75.00%-

70.00%-

65.00%

% Correct

60.00%-

55.00%-

i

LVF/RH RVF/LVF Unprimed-familiar

Prime Condition

50.00%:-

Figure 25. Percentage of correct responses across each okxperimental

conditions.

A two-way within subjects Analysis of Variance weerried out with factors as for
the Reaction Time analysis. Results revealegy@ificant main effect of prime
condition, F(2, 46) = 38.381MSE = 0.014,p < 0.001, but no main effect of target
visual fieldF(1, 23) = 2.113MSE= 0.009. The target visual field x prime condition

interaction also failed to reach significanE€2, 46) = 0.389MSE= 0.018.
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Comparisons between means for prime conditionsatedethat the LVF/RH and
RVF/LH conditions were significantly more accur@t@an the unprimed conditiom,

< 0.07% reflecting priming for both LVF/RH and RVF/LH primeonditions. There
was no significant difference between accuracytlier RVF/LH and LVF/RH prime
conditions,p > 0.05. The accuracy results therefore refleciréla pattern of results
as those observed in Experiment 7 in which primioaogurred for all conditions

without differentiation or costs for interhemispiceransfer.

The results of Experiment 8 therefore provide sagweglence of an asymmetric
repetition priming effect using identical familitace images at prime and test, similar
to that reported by Bourne & Hole (2006). It appgethat a face prime in one
hemisphere impacts on recognition of a target fiadbe opposite hemisphere. Such
a result is indicative of the process of interhgrhesic communication. Moreover,
primes to the LVF/RH followed by RVF/LH targets ii#dated priming in terms of
reaction times compared to conditions in which eriamd target were both presented
to the RVF/LH. This finding suggests that interlsgpheric cooperation occurred
from the RH to the LH to aid recognition. Howevarsimilar facilitative effect on
processing was not observed when primes were showime LH and targets to the
RH when compared to within RH prime and targetshis Tfinding suggests that

greater cooperation appears to occur from RH tdHat vice versa.

Not only are the results of Experiment 8 in-linghwihose expected given the relative
RH dominance for face processing but they also apjeeconcur with the asymmetric
priming effects observed by Bourne & Hole (200&his therefore suggests that there

may be different processing mechanisms at worktler abstract priming effect
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observed in Experiment 7 and the image-specifiming observed in Experiment 8
which cannot easily be explained through methodo#&glifferences between these

and previous experiments.

Chapter Summary

The present experiments were designed to establistther previously observed
asymmetric interhemispheric cooperation achievedugh repetition priming (eg.
Bourne & Hole, 2006) is reflective of image-spexifor more abstract identity
priming. This was achieved using a divided vidiegt priming paradigm in which
different images of the same identity were preskatgrime and target phases, either
within the same visual field or to opposite visfields (Experiment 7). In addition, it
was attempted to determine whether the undiffesiadi priming advantage observed
during Experiment 7 arose as a result of processmmethodological differences

between studies (Experiment 8).

Results from Experiment 7 revealed evidence ofrabste repetition priming, with
performance to target faces showing improved peréoice relative to unprimed faces
both within each hemisphere and when prime ancetaxgre presented to different
visual fields. This finding therefore provides @smce of interhemispheric
cooperation with performance in one hemisphere goelimectly influenced by the
presentation of a stimulus to the opposite hemigphe This finding of
interhemispheric identity priming is inline withguious studies in the field that have
shown evidence of lateralised abstractive hemispipeiming with unilateral primes

followed by central targets (e.g. Cooper, et aQ7)0 The results of Experiment 7 are
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however the first to display that this abstractpraming effect can also occur cross-

hemispherically.

However, whilst previous displays of interhemispherooperation using repetition
priming with faces have shown communication to oasymmetrically between the
hemispheres (Bourne & Hole, 2006), no such sinpktern of results was displayed
here in Experiment 7. Specifically, whilst Bourg&e Hole (2006) showed a
facilitative priming effect occurring in the dirémh of RH to LH, the results of
Experiment 7 indicate that target faces are equadtliitated by primes presented to
both the LVF/RH and RVF/LH.  This lack of comnication asymmetry appears to
be driven by the occurrence of priming within théFR_H condition, an effect which
was not reported in Bourne & Hole’s (2006) studhilst the occurrence of priming
within the LH itself is not surprising given theistence of LH face processing
capabilities, priming effects are normally dilutetien different images are presented
at prime and test compared to instances in whiehsime images are used (e.g.,
Bruce & Valentine, 1985; Ellis, et al, 1987). wibuld therefore be expected that such
within LH priming should also have been observedemvhdentical images were
presented as prime and target, as in the studiedasut by Bourne & Hole, (2006).
The question therefore arises as to why this diffee exists between performance
patterns for image-specific and abstractive primi@ne simple explanation could be
that methodological differences between the twoeerpents are responsible for
creating this disparity in results. For exampiéedent task demands and procedures
were employed by each experiment along with differenethods of analyses.
Alternatively, such differences could instead reffla difference in processing

strategy between these two interhemispheric prirstonglies. Whilst some evidence
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does exist to suggest the underlying processesafoe and different image priming is
not qualitatively different (e.g. Schweinbergergk@iring, Burton & Kaufmann, 2002)
there are instances in which effects that are tobelaviourally can be difficult to

locate using imaging techniques. Therefore, thissgbility is worth consideration.

Experiment 8 therefore re-examined the priming gigra initially reported by

Bourne & Hole (2006) in which identical images wgnesented at prime and test
however using the same methodology as set out periirent 7. It was hypothesised
that if a lack of asymmetry was also observed ipdfixnent 8 then methodological
reasons, rather than processing differences, magabsing the disparity in results
between those observed in Experiment 7 and Bournkeloge (2006). As with

Experiment 7, results of Experiment 8 again rewee@edence of cross-hemispheric
repetition priming when the same image was predeatt@rime and test. In addition,
this facilitation was also observed to be asymroalri Specifically, primes to the
LVF/RH followed by RVF/LH targets facilitated primg in terms of reaction times
compared to conditions in which prime and targetrewboth presented to the
RVF/LH. Interhemispheric cooperation therefore egpd to occur from the

dominant RH to the less dominant LH. When perfarceafor prime and targets
presented to the LVF/RH was compared to the cr@seidpheric RVF/LH prime and

LVF/RH target condition, a similar facilitation iprocessing was not observed. It
therefore appears that cooperation occurring froemRH to LH is greater than the
communication occurring between the hemispherethenreverse direction. The
direction of this cooperation implies that, as wgtevious studies, the processing
superiority of the RH for faces is acting to faeaile the less able LH (Bourne & Hole,

2006).
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Given that this asymmetry in interhemispheric coapen only appears to be
observed during image-specific priming paradigrhseimains to be established why
such a difference between these two priming panasligxists. It seems likely that
the lack of evidence of any priming within the LH Experiment 8 is of primary
importance. Various studies have demonstrated anizblvement in face processing
however it is believed to differ qualitatively fromthe more dominant processing
abilities of the RH (Schweinberger et al, 2002)or Example, Cooper et al, (2007)
showed that the LH stores complex visual infornmatio a more abstract, image
independent manner compared with a more imagefgppobcessing style of the RH.
Bourne & Hole (2006) suggested that timing differen between levels of FRU
activation in the LH and RH might underlie the lawkobserved within LH priming
in their study. In particular, they hypothesisédttface recognition may have a
longer lasting effect on the RH which in turn coaltbw for the within hemisphere
priming effects observed. LH activation however mag shorter-lived so that
activation within this hemisphere following a prirfaece could diminish quicker and
hence the subsequent presentation of a targetwgicail to have the same impact
upon recognition. One speculative explanation eashe source of the observed
differences between the asymmetrical priming e$feculd be that the presentation of
different images of the same identity results irivation of more widespread
representations that are less lateralised tharrgpeesentations activated after the
presentation of identical images, perhaps in a manakin to semantic
representationsinvestigations exploring the interhemispheric setmegoriming with

faces may help elucidate this matter.
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Other experiments examining interhemispheric seimanbrd priming have also
revealed an asymmetry in communication with greed@nmunication occurring from
the RH to LH than vice versa (Abernethy & Coney2@,9Collins 1999; Koivisto &
Hamalainen, 2002) making clear that this asymmadtrigriming effect can be
generalised to a broader range of stimuli. Howewdrilst the direction of this
communication is the same as for the reported @xpeets using faces, it does not
occur from the dominant to less dominant hemispherdt has therefore been
suggested that the direction of interhemispheandfer may not necessarily occur to
facilitate processing but rather the asymmetry oleskin all of these experiments

may instead reflect a more generalised RH to Lhinasgtry (Bourne & Hole, 2006).

In relation to the model of interhemispheric cogpen based upon transcortical cell
assemblies discussed in previous chapters (Puliem#iMohr, 1996), the priming
effects observed in Experiments 7 and 8 again deeb@ consistent with this idea.
According to this model, the RH dominance for fgm®cessing (as with other
hemispheric dominances) arises as a result of wmrastric distribution of cross-
hemispheric cell assemblies, in which a greatepgnmon of these lie within the
dominant RH. This may therefore explain why prighaffects can be observed both
within and across each hemisphere yet why RH irerakent appears to be most

beneficial.

Thus far, the reported experiments have investigdatee nature and scope of
interhemispheric communication. The final expenmal chapter turns to the issue of
the role that interhemispheric communication playsing cognitive processing.

Several theories propose that interhemispheric aomcation can serve to increase
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general processing capacity when task demands l@egosat, a proposition that will

be investigated in the next chapter.
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Chapter 5

The Impact Of Task Difficulty On
Interhemispheric Communication

124



Introduction

The previous chapters have demonstrated a varietyneans through which

interhemispheric cooperation can occur. The ctickapter now turns to the issue of
exploring the role that interhemispheric cooperagptays in meeting the demands of
particular tasks. For example, while interhemisgheommunication has been shown
to be advantageous in numerous instances, themeaasions in which the benefits of
dividing processing between the hemispheres areveigthed by the costs of
interhemispheric transfer. Ascertaining more dfeéne basis for such a shift in
processing style should help to provide furtherigints into the role that

interhemispheric communication plays in cognitivegessing.

Much of the research investigating task difficulty relation to interhemispheric
communication has adopted the use of a paradigwhioh participants view briefly
presented visual arrays of stimuli arranged iniangular formation. Participants’
task is to indicate whether the bottom item of eddgtem display matches either of
the top two items (Banich & Belger, 1990). On siathere the matching stimuli are
presented in the same visual field, within hemisph@ocessing is assumed and on
trials where matching items are presented in oppassual fields, interhemispheric
cooperation is deemed necessary in order to coepihet task. Numerous studies
involving letters, patterns, numbers, objects aaxk$ (Brown et al 1999; Koivisto,
2000; Liederman et al, 1985; Weissman & Banich, ®200ompton 2002) have
demonstrated that within-hemisphere processingdst radvantageous for relatively
simple tasks, yet as task difficulty increasescrass-hemisphere advantage emerges.
It has been suggested that such an advantage fsaytlarough the recruitment of

additional neuronal populations on across-hemisplieals to compensate for the
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costs associated with interhemispheric communicatio For example, a robust
finding using simple letter stimuli is that interhispheric interaction appears most
beneficial when participants are required to mégtters by name (e.g. A and a) than
by physical identity (e.g. A and A or a and a), iga & Belger, 1990). Such a

finding presumably reflects differences in the doge demands of these two tasks.
The former task of matching letters by name regubveth perceptual analysis and
retrieval of an abstract letter-name code, an deravhich appears to benefit from
the increased computational power of both hemigshern contrast, the latter less
cognitively demanding task of matching letters byscal identity requires only

perceptual analysis, and as such can be suffigipniicessed by a single hemisphere.

In an adaptation of this matching design, Weissmat Banich (2000) included a
condition whereby target stimuli were presentedt@visual midline in addition to

either the lower LVF and RVF. Midline presentatimas considered to allow for
either within or across hemisphere processing.suRerevealed that during tasks of
low complexity, midline performance resembled that within hemisphere

performance whilst high complexity tasks causelift ® an approximation of across
hemisphere trials. This result was taken as furth@ence of the dynamic nature of

hemispheric cooperation in relation to task diffigu

Studies manipulating the degree of practice paditis have on a given task also
suggest that the benefits of interhemispheric comeoation may arise as a result of
the sharing of cognitive resources (Liederman,diéer& Martinez, 1985; Weissman

& Compton, 2003; Maertens, & Pollmann, 2005). Speally, it can be assumed that

following practice, the processing resources reglito carryout a task should
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decrease in line with a similar increase in proogssfficiency. Such a shift in ability
is believed to reflect a transition from an alduomic to a more memory-based
processing strategy (Logan, 1988). Given that moicthe research investigating
interhemispheric communication has focused largaty relatively simple tasks
involving letters or numbers, the possibility remsathat any advantages incurred by
interhemispheric cooperation may well be underestoh with even larger gains to be

found under circumstances using more complex tasésstimuli.

Compton (2002), explored this possibility throughe timplementation of an
unfamiliar face-matching paradigm in which partaips were required to match faces
for either emotional expression (experiment 1) loaracter identity (experiment 2).
Results revealed that for both match-types, perdmee was superior for across-field
matches compared to within. Moreover, this adwgataas shown to be greater for
the more difficult character identity task. Furtlseipport is therefore offered to the
theory that interhemispheric cooperation is mostefieial for complex tasks. An
asymmetry in this cooperation was also observedroborating the findings of
Experiment 7 in which the processing efficiencyeafich hemisphere appeared to

determine the impact that interhemispheric coopmratould have.

This extension of the relationship between tasKiadity and interhemispheric
communication to an unfamiliar face-matching pagadiprovides an interesting
addition to the existing body of evidence in thisld. However, as mentioned
previously, significant differences are believedetast between the processing of
familiar and unfamiliar faces (Hancock, Bruce, & rigun, 2000; Clutterbuck &

Johnston, 2002). Specifically, individuals have rbosbown to more readily match
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familiar compared with unfamiliar faces, with difémt processing mechanisms
believed to be responsible for this effect (Burteinal, 2005). It is therefore of interest
to explore further the role that interhemisphenemunication plays during familiar
face perception. Given the automatic processinfityaliniquely associated with
familiar face matching, it might be expected the benefits of dividing information

across the hemispheres will follow different patgefor familiar and unfamiliar faces.

Experiment 9: The Impact Of Interhemispheric Division Of Labour

On Face Recognition.

The aim of Experiment 9 was to examine the impdcimanipulations of task
difficulty on interhemispheric communication durinface perception. More
specifically, it sought to establish the effect sdi by controlling the cognitive
demands of a task through dividing task relevanttask irrelevant stimuli within or
across the hemispheres. The experimental desigrperiment 9 was adapted from
a study investigating the long-term effects of abviace recognition in which
measures of overt and covert face recognition waken after tasks involving low
and high cognitive load (Jenkins, Burton, & EII#)02). It has been suggested that
for a given task, task-irrelevant processing ahsti only occurs under conditions of
low perceptual load (Lavie, 1995, 2000). As suthvas hypothesised that repetition
priming could provide a means for revealing eviden€ covert recognition for task-
irrelevant faces presented under high-load conditi@ven if overt memory for such

faces was lacking.
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Jenkins et al (2002), presented participants vath &nd high-load perceptual tasks
involving letter-string identification along withask-irrelevant famous faces.
Subsequent memory for these faces was then téstaeyh a surprise recognition test
for the celebrities’ names and also a face faniyidask. Results demonstrated that
manipulating attentional load did indeed impactmupaplicit recognition memory as
tested via a name recognition test, yet no effactepetition priming from the same
items was observed. In addition, faces from thghtdad condition produced the

same amount of priming whether explicitly remembdevenot.

Experiment 9 therefore examined the possibilityt lkad manipulations may also
impact upon the degree to which dividing task eslainformation between the
hemispheres affects performance. The hypothesstested that under conditions of
high cognitive load, dividing information betweemethemispheres would be more
advantageous than restricting processing to aesihgimisphere. It was anticipated
that this benefit to processing would be refledtethter tests of memory for the task
irrelevant faces. As with Jenkins et al, (2003)tigipants undertook low and high-
load tasks involving letter-string identificatiom conjunction with the presentation of
famous faces. These stimuli were presented toereith single hemisphere
simultaneously or divided across both hemispherds. each instance, the task
relevant information was contained within the letsérings rather than the faces.
Memory for these famous faces was assessed fitatbugh an overt recognition
memory test of the celebrities’ names followed bgpgeded familiarity test of the
famous faces. This second test of memory was as@dmeans of testing covertly for

any repetition priming effects.
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It was predicted that task-irrelevant faces shdwddprocessed to a greater degree
during the low-load condition compared to thosespnéed under the high-load
condition. Even if these faces are not overthogeised, repetition priming for these
faces should still be observed. In addition, ahierr advantage for face memory
would also be predicted when processing is resttitb a single hemisphere during
low load tasks, given that the benefits of interlsgineric cooperation are believed to
increase with task demands. In contrast, perfoomdor faces presented during the
high load task would be expected to improve whéorimation is divided across both
hemispheres rather than being contained within ddae to the inherent perceptual
complexity of faces however, an across-field advgatmay be observed for both the
low and high-load tasks, yet this advantage wotildl® expected to be greatest for

faces presented in the high-load condition.

Method

Participants

24 participants (15 females) were paid for theitipgation in the study. Ages ranged
from 17 to 23 years (M= 19.2 years). Each partitipaad normal or corrected-to
normal vision. All participants were strongly riginded (mean laterality quotient =
94.5) as assessed by the Edinburgh Handednesgsdny€@ldfield, 1971) and had no
left-handed first-degree relatives. Participantsemecruited on the basis that they

could recognise British and American celebrities.
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Stimuli

Stimuli consisted of 144 famous faces presentegltt@r the LVF or RVF. For half
of these faces a central letter-string was superseg onto the face, whilst for the
other half of faces, a letter-string was presemtdtie opposite visual field to the face.
Letter-strings were either red or green, and caethia target letter (X or N) amongst
3 other letter Ts, randomly organised. Faces akmgrayscale photographs. Of the
total number of famous faces, 48 were presented low-load condition, 48 were
presented in a high-load condition and the remgidi® were presented as new items
at test. In addition, for each low and high-loaedition, 24 faces were presented to
the LVF and 24 to the RVF. Half of these faces (M&ye presented in a within-
hemisphere condition in which a face with superisgabletter string was presented to
a given visual field and half of the faces werespreged in an across-hemisphere
condition, in which a face was presented to onealidield and letter string to the
opposite visual field. Between subjects, the femis were rotated around
experimental conditions so that over the coursta@fexperiment, each face appeared
in each condition an equal number of times. Thpe&drmental conditions are

displayed below in Table 5:

Within Across

Low-load | LVF RVF Face (LVF) - name (RVF)| Name (LVF) - fad®\(F)

High-load | LVF RVF Face (LVF) - name (RVF)| Name (LVF) - fade\(F)

Table 5: Experimental conditions for High and Low Load Tasks
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The printed names of the famous faces used aslstirare also presented during an
old/new name recognition task at Stage 2. Findifferent images of the famous
identities presented in Stage 1 along with an equahber of matched unfamiliar
faces were used as stimuli in a face familiaritgktaat Stage 3. Examples of

experimental conditions can be seen below in Figére

a +

(i) (i)

Figure 26: Examples of stimuli displayed in experimental dions (i) Within LVF
(low/high-load) and (ii) Across letters-face (lowgh-load).

On screen image size was approximately 4cm higlerm &ide, corresponding to a
visual angle of 4 x 3 shown at distance of 57 cnttimuli eccentricity was 3.0cm

(center to innermost edge) corresponding to 3%viangle.

Procedure

Participants were seated at a fixed distance ofrb7#rom the 16 in. monitor of an

Apple Macintosh G5 Workstation, using a chin-reghviorehead restraint bar.

The experiment consisted of three separate stagparated by short intervals.

Stage 1consisted of a selective attention stage in wipaticipants made speeded

key press responses to either the colour of theristring (red or green) in the low-

load condition, or to the identity of the targettde (X or N) in the high-load
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condition. It was emphasised to participants tmoon the letter-strings throughout
the experiment in addition to maintaining their @am the central fixation cross.
Participants completed two randomised bocks (lagittar high-low), each consisting

of 48 trials. Each prime face was encountered onge.

Trials began with the presentation of a centradtfon cross for 1500 ms followed by
the presentation of a stimulus array for 200ms.he Tixation cross remained on
screen during stimulus presentation. The intet-tliaation was 500 ms in which a
blank screen was shown. Responses were made menbal keyboard responses
with two “X” or “red” keys with the middle fingersf the left and right hands and two
“N” or “green” keys with the index fingers of bottands depending on whether the
low or high-load task was being completed. Key @ssient was counter-balanced
between participants Although bimanual responses were required, onlyféiséest

response on each trial was analysed, regardldbe tiand used.

Stage 2:Following the selective attention task completadStage 1, participants
performed a surprise name recognition test ondl delebrities’ names. They were
required to respond “yes” to celebrities who hadrbpresented in Stage 1 and “no”
to celebrities who had not. Responses were agadenvia bimanual keyboard
responses with two “yes” keys with the middle firggef the left and right hands and
two “no” keys with the index fingers of both hand&y assignment was counter-
balanced between participants As before, although bimanual responses were
required, only the fastest response on each tial analysed, regardless of the hand

used.
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Stage 3: Participants were required to make speeded famtylidecisions to different
images of the famous faces presented in Stage g alath images of the “new”
names from Stage 2, resulting in a total of 144dasnfaces. An additional 144
matched unfamiliar faces were also presented. dsagere presented centrally and

participants were required to respond using bimkbkesresponses.

The experiment was controlled using Psyscope verso

Results and Discussion

Stage 1

Accuracy
Mean correct response rates across Low and Highdoaditions can be seen below

in Figure 27.

E Low Load [JHigh Load

100.00%+

90.00%

80.00%

Percentage Correct

70.00%

60.00% -

Within LVF  Within RVF  Across Across
(face-letters) (letters-face)

Figure 27: Mean correct response rate across Low and Highdoaditions.
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A two-way within subjects ANOVA was carried withctars task-load (low / high)
and hemispheric condition (within LVF / within RVIFAcross face-letters / Across
letters-face). Results revealed main effects sk-taad,F(1, 23) = 25.9MSE= 0.03,
p < 0.01, and of hemispheric conditidf(3, 69) = 15.78MSE= 0.009,p < 0.01. In
addition there was a significant task-load x hemméj condition interactionk(3,

69) = 17.49MSE= 0.01,p < 0.01.

Analysis of the simple main effects revealed arectffof task-load at both of the
within hemisphere conditions (within LVHE(1, 23) = 23.2MSE = 0.03,p < 0.01;
within RVF: F(1, 23) = 18.86MSE = 0.03,p < 0.01), with low-load performance
being more accurate than high-load. This findsgmportant as it suggests that the
basic experimental load manipulation has been sstwe There was no significant
difference between task-load for the across fielddiions,p > 0.05. In addition, for
the factor hemispheric condition, there were sigaift differences in accuracy
between both low and high-load conditions (low-lo&(8, 69) = 3.38MSE= 0.009,

p < 0.01; high-load F(3, 69) = 31.16MSE= 0.009,p < 0.01). Specifically, for the
low-load task, the within RVF condition was sigo#ntly more accurate than the
across letter-face condition. In addition, theres\aasignificant difference in accuracy
between the Across face-letters and Across letsees-conditions, perhaps reflecting
a RH dominance for face processing and subseqgsgmtraetry in communication as
suggested in Chapter 4. For the High-load conditiboth of the within field
conditions were less accurate than both of thesacfeld conditionsp < 0.05.
Again, this is an important finding, as it appe&wsdemonstrate a shift towards
improved performance for Across-field presentati@ss task difficulty increases.
However, performance on Across-field trials was sbbwn to be superior to the

across field performance observed for the low-ltegk. Therefore, this does not
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reflect a true across-field superiority for highadb tasks. It may be that as
performance is close to 100%, ceiling effects werached thus obscuring any

possible further performance advantages that doaNve been achieved.

Reaction Times

Means of median response time for correct respangess high and low-load

conditions are displayed below in Figure 28.

M Low Load 0 High Load

1100
§, 1000 -
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Within LVF  Within RVF Across Across

(face-letters) (letters-face)

Figure 28: Means of median reaction times across Low and tbgh-conditions.

A 2-way within subjects Analysis of Variance wasrea out with factors as for the
Accuracy Analysis. Results revealed main effedtdask-load,F(1, 23) = 108.9,
MSE= 33932 < 0.01 and hemispheric conditidf(3, 69) = 16.44MSE= 7550,p <
0.01. In addition, there was a significant taskdox hemispheric condition

interaction,F(3, 69) = 4.68MSE= 7922,p < 0.01.
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Analysis of the simple main effects revealed thatv-load performance was
significantly faster than high-load performanceliievels of hemispheric condition,
p < 0.05. This finding again indicates that the ekpental manipulation of task-load
appears to have been successful. In additiong thare no differences between
reaction time performance for the low-load condisd=(3, 69)= 1.83MSE= 13789.
There were however significant differences in h@ieésic condition performance for
high-load conditionsF(3, 69) = 19.53MSE = 147448, p < 0.05. Specifically, a
similar pattern of results observed during the emty analysis was seen, with
performance being significantly faster for Acrosde conditions compared to
Within-field conditions,p < 0.05. Once again, this would appear to sugdnedtas
task difficulty increases, this is coupled with enbfit for spreading task-load across
the hemispheres. Such a result supports findiraya firevious studies demonstrating
an increasing benefit for interhemispheric commatn in conjunction with a
similar rise in task difficulty (Banich & Belger990; Compton, 2002). Performance
for the face-letter condition was again superiompared with the letter-face
condition, a finding which possibly reflects thespective hemispheric dominances

for faces and words as discussed previously.
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Stage 2
Accuracy

Mean correct response rates for Within, Acrossiew items are displayed below in

Figure 29.

80.00%-
70.00%-
60.00%-
50.00%-

40.00%-
30.00%- I
20.00%

Low Load Low Load ngh Load ngh Load New
Within Across Within Across

Percentage Corre

Figure 29: Mean correct response rates for low and high-loglinvand across items

along with mean correct response rates for newsitem

A one-way within subjects Analysis of Variance weasried out with levels Low-load
Within, Low-load Across, High-load Within, High-ldaAcross and New. Significant
differences were shown to exist between meg(, 23) = 8.357MSE = 0.026,p <
0.01. Comparisons between means revealed thatbradlitions were significantly less
accurate than performance to new, unseen ngme$,05. Performance for this task
was however extremely poor, with participants resjiag below chance for all of the
previously observed items from Stage 1. This ineéEahat a possible response bias to

respond “new” has been formed. As has been sgedula previous chapters in
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which a response bias has been suspected, thi©iawayarisen as a result of the fast
exposure time of faces in the periphery of visiaming Stage 1. Consequently, a
conservative approach to subsequent decisions maydmerged to compensate for a
lack of certainty in previous viewings. These ftssare therefore difficult to interpret
and must be viewed with a high degree of cautiénfinal possibility could be that
both the low and high-load tasks in Stage 1 absbrtw® great a degree of
participants’ attention resulting in very littles@urces remaining to process the task-

irrelevant faces.

Reaction Times

A one-way within subjects Analysis of Variance veasried out on means of median
correct response times with levels as for the aoyuanalysis. Analysis revealed no
significant differences between meafg4, 23) = 1.27 MSE = 92929. However,
there was again a strong trend for responses toiteews to be faster than all other
conditions. This finding is in-line with the susped response bias discussed in the
accuracy analysis, perhaps arising as a resultvef conservative performance by
participants or as a consequence of the attentaeralnds during Stage 1 being too

great to allow for any face processing to occur.

Therefore, the results of Stage 2 provide no a@deatence of an explicit improvement

in performance for previously observed faces foy aonditions. Yet, as stated

above, the very low accuracy makes these findirfgjsudt to interpret.
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Stage 3
Accuracy Analysis

Mean correct response rates for conditions careée elow in Figure 30.
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Figure 30: Means of median correct response rates for camditi

A one-way within subjects Analysis of Variance wasried out between Low-load
Within, Low-load Across, High-load Within, High-ldaAcross and New items.
Analysis revealed a significant difference betweesans,F(4, 23) = 3.635MSE =
0.004,p < 0.01. Comparisons between these means revéadedall conditions
except the Low-load Across condition were signifitg more accurate than
performance for the “New” conditiom, < 0.05. This finding therefore suggests that
despite poor performance during the overt test afmory, participants did

nonetheless benefit from prior exposure to facessgmted during Stage 1. It
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therefore appears that the attentional demandsgltinis stage were not too great to
allow for this processing of task irrelevant fadesoccur. There were however no
differences between the within and across-fieldddmns. As with Jenkins et al
(2002), evidence of a covert memory for faces reentdisplayed, yet this does not
appear to be affected by the task load or hemigphendition under which the faces
were initially presented. Finally, the Low-load rAss condition was significantly
less accurate than the Low-load Within conditionfiraling that may have been
anticipated if the costs of interhemispheric transire greater than the ability for a

single hemisphere to carry out the processing alone

Reaction Times

Means of median reaction times for correct respp@®e0oss conditions can be seen

below in Figure 31.
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Figure 31: Means of median reaction times for correct respsracross conditions.
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A one-way within subjects Analysis of Variance wasried out between Low-load
Within, Low-load Across, High-load Within, High-ldaAcross and New items.
Analysis revealed a significant difference betweesans,F(4, 23) = 2.61 MSE =
2996,p < 0.05. Comparisons between these means reveiffieickdces only between
the Low-load Within and Low-load Across conditioaad Low-load Within and
High-load Within conditionsp < 0.01. Given the accuracy results, it would @ppe
that there is a speed-accuracy trade-off in opmrdtr the Low-load across condition
with performance here being faster and less aczuthain other conditions.
Therefore, unlike the accuracy results, there isclear evidence of any priming

occurring from the reaction times analysis.

It would appear then that there is some limitedlence to suggest that despite any
overt memory for the faces presented during Stagecbvert memory for these faces
does exist, as indicated by improved accuracy dute face familiarity test in Stage
3. This finding offers support to Jenkins et &(2) who also demonstrated evidence
of covert memory for faces which did not appeabecaffected by the task load under
which faces were initially presented.  However, thgpotheses that load
manipulations made during the initial presentatadnfaces would reflect different
patterns of subsequent recognition, as a functiowrether task information was

presented within or across hemispheres was noosigop

It may be that that the load conditions did notction as they had been intended,

with the across condition perhaps being inhererghsier than the within.

Specifically, as the task relevant letter stringsravnot embedded in the faces on
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across trials, they may have been clearer to réeda result, this may inadvertently
have led to a blurring of the experimental condi$io Whilst this does not necessarily
appear to be the case from the results of Statjeelfact that accuracy improves on
across-hemisphere trials may not reflect a bewnéfincreased computational power

but rather an advantage caused by the percepigliitation of the task.

Evidence also exists to suggest that interhemigpl@mmunication can be less
efficient when both hemispheres perform on sepaks (Berger, Windmann, &
Guntarkdn, 2005). It may therefore be that thasitm of stimuli in the across-field
trials of Stage 1 resulted in each hemisphere parfig on separate tasks.
Consequently, any intended benefits of the divissbrperceptual information may

have been eliminated.

It appears then that despite an attempt to denaiastan advantage of
interhemispheric communication using a load-mampoih paradigm, this was not
successfully achieved. Whether this was a resuliasik or methodological factors
remains unclear from the present analysis. Funtheans to address the impact of
task difficulty on interhemispheric communicatiaiated to face processing therefore
appear necessary. Therefore the following expearimwill continue to explore this
issue through the adoption of an alternate metloggolpreviously shown to be

sensitive to the manipulations of task difficuloy & range of stimuli.
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Experiment 10: The Impact Of Task Difficulty On Interhemispheric

Communication During A Face-Matching Task.

The aim of Experiment 10 was to examine whether avantage for
interhemispheric cooperation observed during aamiifar face-matching task could
be extended to encompass famous faces. CompdO2)(previously demonstrated
an across-field superiority when participants weguired to match unfamiliar faces
for emotional expression or character identity.or&bver, this advantage was shown
to be greatest for the more difficult charactemitg task. Given the established
differences between familiar and unfamiliar face@gassing (Hancock, Bruce, &
Burton, 2000; Burton, Jenkins, Hancock & White, 2)Ghe aim of Experiment 10
was to explore whether a similar pattern of reswitglld be obtained when familiar
faces were used as stimuli. As with Comtpon (2002) different match-types were
required which included a physical match betweeentidal images and a more
complex identity match between different imagestloed same identity. It was
hypothesised that physical matches would be essiperform than identity matches
due to the assumption that identity matches woelddhiant on an additional stage of
processing related to perceptual abstraction. rthEBumore, it was anticipated that a
greater across-field advantage would be observeddintity matches given that
interhemispheric communication is presumed to bpaoficular benefit for complex

tasks.

Of further interest to this current experiment wdsserving how performance for

familiar and unfamiliar face matches would compaltevas expected that unfamiliar
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faces would be more difficult to match, with thisitg conveyed through a greater

across-hemisphere advantage.

Method

Participants

20 participants (14 females) were paid for theitipgation in the study. Ages ranged
from 18 to 26 yearsM= 19.8 years). Each participant had normal or cteckto
normal vision. All participants were strongly riginded (mean laterality quotient =
93.9) as assessed by the Edinburgh Handednesgsdny€@ldfield, 1971) and had no
left-handed first-degree relatives. Participantsemecruited on the basis that they

could recognise British and American celebrities.

Stimuli

Stimuli comprised two different images of 28 familand 28 unfamiliar identities (14
men and 14 women per category) in grayscale. [anstimuli were well-known
politicians, actors, singers and sports stars. Ha@@ges were obtained from the
Internet. As with previous experiments, unknowrefawere matched to famous faces
with respect to gender and any distinguishing festu Differences between pictures
of each identity were obtained by selecting imabes had been taken using different

cameras or at different time periods.

The stimulus arrays for each trial consisted otéhfaces arranged in a triangular
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formation. Two faces were presented above a deftation point and one face
below. On screen image size of each face was rjppately 3.5 cm high x 2.5 cm
wide, corresponding to a visual angle of-3x52.5 shown at distance of 57 cm. The
top two faces were centered at-2above fixation and 5 to the left and right of the
fixation point whilst the bottom face was centesd.5 below fixation and 2.5to

the left or right of this point.

Procedure

Participants were seated at a fixed distance ofrb7#rom the 16 in. monitor of an

Apple Macintosh G5 Workstation, using a chin-resthwforehead restraint bar.

Participants were instructed that they would besgméed with arrays of faces for
which they were required to indicate whether thédm face of each array matched
either of the top two faces for identity. It wasdeaclear to participants that matching
pairs of faces could either be displayed by theesanmages or by different images of
the same identity. In addition, they were instedchot to move their eyes from the

fixation cross, and to perform as fast and acclyrate possible.

Trials began with the presentation of a centratfon cross for 1500 ms followed by
the presentation of a stimulus array for 200ms.he Tixation cross remained on
screen during stimulus presentation. The intet-tti@ation was 500 ms in which a
blank screen was shown. Examples of experimeritalis arrays are shown below

in Figure 32.
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Figure 32: Examples of matching trigrams depicting (i) Agossual field identity
match, (ii) Within visual field physical match a(id) mismatch trials.

Subjects underwent 10 experimental blocks congistiharound 90 trials, creating
896 trials in total. Half of the trials were mattials in which the bottom face
matched the identity of one of the top two facesl half of the trials were mismatch
trials in which the bottom face did not match eith&f the top two faces.
Mismatching stimuli were always from the same faamily category as matching
faces. In addition, of the match trials, half thmatches were physical matches
whereby the matching faces depicted identical imagfethe same identity and half
were identity matches, in which the matching fasege different images of the same
identity. The target face (bottom) appeared egualthe LVF and RVF and matches
between bottom and top faces could occur eithdrimvihe same visual field or across
visual fields. Order of trials was independendpdomised for each participantA
short practice session consisting of all experi@erdonditions preceded the

experimental session. Practice faces were notsisolysequently.

Responses were made via bimanual keyboard respdatiséwo “match” keys with

the middle fingers of the left and right hands &amd “no match” keys with the index

fingers of both hands. Key assignment was courdtarced between participants
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Although bimanual responses were required, onlyféiséest response on each trial
was analysed, regardless of the hand used. Therimgnt was controlled using

Psyscope version 10.

Results and Discussion

Accuracy

The focus of the reported results is on matchstridVlean correct response rates for

familiar and unfamiliar face matches across expemial conditions are shown in

Figure 33.
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Figure 33: Percentage of correct responses for match traissa all experimental
conditions
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A four-way within subjects Analysis of Variance wasarried out with factors
familiarity (familiar / unfamiliar), hemispheric rteh condition (Within field / Across
field), match-type (physical / identity) and visuadld of top matching item (LVF /
RVF). Results revealed a significant main effecfamiliarity, F(1, 19) = 11.94,

MSE = 314.74,p < 0.0.5, reflecting more accurate performance ruatching

unfamiliar faces compared with familiar. The mafiect of hemispheric match
condition was also significang(1, 19) =5.45MSE=121.73,p < 0.05, with accuracy
for within hemisphere matches being greater tham fibr across. Finally, the main
effect of match-type was also significaR{], 19) = 341.86MSE= 272.58p < 0.05,

reflecting more accurate performance for physicaktames compared with identity

matches.

The three-way interaction comparing hemisphericcmatondition x match-type x
visual field of top matching item, was also sigraint F(1, 19) = 5.26 MSE = 40.39,

p < 0.05. To analyse this interaction further, ttea was split and two 2-factor
ANOVAs were conducted, one for the within hemisgheratches and one for the

Across-hemisphere matches.

Analyses of the Within-field matches revealed cmlgnain effect of match-typ&(1,

19) = 294.46 MSE = 0.008 ,p < 0.01, with physical matches being more accurate
than identity matches. This finding was expectee g that physical matches were
assumed to be easier than identity matches. As @lenefit of recruiting additional

processing resources may not have been necessary.
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Analyses of the across-field matches again revealethin effect of match-typ€&(1,
19) = 272.64MSE 0.009,p < 0.01, however no significant main effect of Was
field of top matching itemi(1, 19) = 1.28MSE = 0.004. The match-type x Visual
field of top matching item interaction also provedbe significant~(1, 19) = 17.38,

MSE=0.002 p <0.01.

Analyses of the simple main effects for this int¢i@n revealed that physical matches
were more accurate than identity matches for botk F(1, 19) = 169.98MSE =
0.009 ,p <0.01) and RVF matcheB((, 19) = 106.37MSE= 0.009 p < 0.01). In
addition, for physical matches, there was no diffiee in accuracy if the top matching
item was presented to the LVF or RMHZ, 19) = 1.52MSE= 0.004). However, for
identity matches, performance was more accuratenwhe top matching item was
presented to the RVF compared to the L¥EL( 19) = 8.01MSE= 0.004p < 0.01).
This finding suggests that accuracy is greatesifopss-field matches in which the
target item is shown to the LVF (RH). Given théablshed hemispheric dominance
of the RH for face processing, it may be that guperior processing ability was in
evidence here. Indeed, the results of Chapter & hdso demonstrated that
information transfer between the hemispheres caaspmmetric and greatest in the

direction of RH to LH.

The expected across-hemisphere advantage for any &b face-match was not
observed, with within hemisphere processing beiogenaccurate than across. Whilst
physical matches were shown to be consistently raccarate than identity matches,
there was no differentiation between these matphdyeither within or across

hemispheres. This finding was particularly unexgeéaiven that previous studies
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involving unfamiliar face matching have demonsudatan across-hemisphere

advantage for all match-types.

Of particular concern in relation to these resusdtshe fact that performance for
identity matches was extremely poor, at a levebwethance for familiar faces.
Given the robust finding that familiar faces aresieato match than unfamiliar, it
would be expected that this performance differemoald also be evident here. Why
an inversion of this effect can be seen for idgnihtatches is then particularly
puzzling. One simple explanation for this angmal the data could relate to the
degree of difference between images in pairs othiag faces. Specifically, it may
be that there was greater variation between pdiismages for familiar faces than
unfamiliar in the identity match condition. Suctpassibility could easily be tested
through presenting these pairs of faces to padidg in a speeded same/different
identity decision task and comparing response tifoesamiliar and unfamiliar face

pairs.

A further speculative possibility could relate ttteation capture for meaningful
stimuli. Specifically, whilst faces have been shaw capture attentionB{ndemann,
Burton, Hooge, Jenkings & De Haan, 2005) some faes® also been shown to be
more powerful distracters than others (Stone & Wiatee, 2005Brédart, Delchambre
& Laureys, 2006). It may therefore be that difféarenages of familiar faces capture
participants’ attention more than unfamiliar facés a consequence, this may impact
upon the ability tadisengage processing resources from particulasfand perform
the task proficiently within the time constrainfstioe task. Some evidence in support

of this idea can be found from studies demonsiyaditention capture for meaningful
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stimuli (Mack, Pappas, Silverman, & Gay, 2002). atidition, stimuli containing an
extra layer of meaning, such as one’s own faceg laéso been shown to be capable of
generating additional attentional capture (Brédetrtal, 2006). Therefore, different
images of familiar faces may produce greater iaterice between stimuli than
unfamiliar faces and result in a tendency to redpmmo-match” in such conditions.
Whilst an attentional bias to familiar faces maysome instances facilitate task
performance, given the brief exposure and time tcamés imposed by this
experimental design, such a propensity could algo detrimental. Further
investigation to establish if there is any empirig@unding to this suggestion would

of course be necessary.

Reaction Times

Again only match trial data is reported. Meansr&dian reaction times for correct
responses can be seen below in Figure 34 for farmaind unfamiliar face matches

across experimental conditions.
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Figure 34: Means of median reaction times for match trial®ssmll experimental
conditions.
Due to the very low accuracy performance for thentdy match conditions reported

above, the reaction time data is difficult to iptet accurately.

A four-way within subjects Analysis of Variance wearried out with factors as for
the accuracy analysis. Analysis revealed a magcetf familiarityF(1,19) = 50.959,
MSE = 10193.0,p < 0.001, with unfamiliar faces being responded tdefashan
familiar. There were also significant main effecfshemispheric match condition,
F(1,19) = 8.041MSE = 6288.2,p < 0.05, and match-typ&(1,19) =27.681MSE =
35206.6,p < 0.001, in which across-field matches were madeifaban within-field
matches and physical matches were made fasteritlegmity. This finding that
across-field matches were made faster than wiikld-fmatches is in-line with
Compton (2002), who also demonstrated an acroks-fidvantage when matching
unfamiliar faces. The main effect of visual fiefitop matching item did not reach
significance F(1, 19) = 2.107MSE= 11616.6. Finally, the familiarity x match type

interaction also proved to be significaR{l, 19) = 13.349MSE =148761, p < 0.01.

Analysis of the simple main effects for the familya x match-type interaction
revealed that for identity matches, performance swgsificantly faster for unfamiliar
faces compared with familiar faceg, (1, 19) = 66.73MSE= 10193 p < 0.01), with

a strong trend in the same direction for physicatales also evident. Again, this
finding mirrors that observed in the accuracy datd is particularly surprising given
the evidence indicating a superiority for familface matching. As suggested above,
it may be that differences in the size of imageiatebm between familiar and

unfamiliar face pairs is responsible for this antyma the data or indeed, a more
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complex explanation may be required, perhaps rglato differences in attention
capture to faces. There was also shown to berafisant effect of match-type for
both familiar,F(1, 19) = 29.16MSE= 35206 p < 0.01, and unfamiliar faces(1, 19)

= 4.17,MSE = 35206,p < 0.01, with physical matches being respondecastef in
both instances. Again, such a result is in-linéhwhe accuracy results, which also

showed improved performance for the less complgsiphl matches.

The finding that across-field matches are fastegrall compared to within-field
matches is an important finding, suggesting thawiéts previous studies in this field
(e.g. Compton, 2002), utilising the processingitdd of both hemispheres is most
effective for complex face stimuli. As expectetygical matches were shown to be
faster and more accurate than the more perceptealtgplex identity matches.
However, it was also anticipated that identity rhas would show a greater across-
field advantage, than physical matches, a findingt twas not evident from the
present analyses. Compton (2002) also failed tealeany differentiation between
physical and category match-types in her unfamifeme matching task, despite
evidence of a general across-field advantage. ay therefore be that this lack of
differentiation between match-types reflects thastence of a ceiling for the

advantages that can be incurred from interhemigphemmunication.

Therefore, despite evidence of a general acrokb-didvantage in terms of response
times, it appears there is no further evidence uggsst an additional benefit of
interhemispheric communication for the processing nore complex identity

matches. Furthermore, no observed differentidbieimveen hemispheric performance

for familiar and unfamiliar matches could be se=tcept during identity matches. It
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may therefore be that patterns of interhemisphesimmunication do not differ in
relation to the complexity of familiar face-matchintasks. Alternatively, the poor
accuracy and possible response bias reported almalé have acted to obscure any
underlying effects. Achieving a means through Wwiperformance can be improved
does then appear necessary in order to obtaineairitarpretation of the impact of

task difficulty on familiar face matching.

Experiment 11: A Reinvestigating Of The Impact Of Task Difficulty
On Interhemispheric Communication During A Face-Martching

Task.

Given the poor accuracy reported in Experimentti®,aim of Experiment 11 was to
attempt to improve general performance so as to gaclearer impression of the
impact task difficulty has on interhemispheric commeation during face processing.
The design of Experiment 10 was therefore modifeethclude only the match trials.
Participants were required to indicate whetherttdpeleft or right face matched the
bottom face in each stimulus array. All other asp®f the Experiment 11 were the

same as for Experiment 10.

Method

Participants

22 participants (15 females) were paid for theitipgation in the study. Ages ranged
from 18 to 22 yearsM= 20.6 years). Each participant had normal or ctekto

normal vision. All participants were strongly rigiinded (mean laterality quotient =
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91.2) as assessed by the Edinburgh Handednesgsdny€@ldfield, 1971) and had no
left-handed first-degree relatives. Participantsemeecruited on the basis that they

could recognise British and American celebrities.

Stimuli
Stimuli comprised the same images used in Expetim@®y however, due to the
change in experimental procedure, all trials weggcim trials and consequently no

miss-match arrays were used.

Procedure

Participants were seated at a fixed distance afrdfrom thel6 inch monitor of an
Apple Macintosh G5 Workstation, using a chin-resthwforehead restraint bar.
Participants were instructed that they would besgméed with arrays of faces for
which they were required to indicate whether thelédt or top right face matched the
identity of the bottom target face. It was madeaclto participants that a match
would always be present and that matches betweies piafaces could either be
displayed by the same images or different imageth@fsame identity. In addition,
participants were instructed not to move their elyem the fixation cross, and to

perform as fast and accurately as possible.

Trials began with the presentation of a centratfon cross for 1500 ms followed by
the presentation of a stimulus array for 200ms.he Tixation cross remained on
screen during stimulus presentation. The intet-tti@ation was 500 ms in which a

blank screen was shown. Examples of stimulus agay$e seen in Figure 35.
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(i) (i)

Figure 35: Examples of (i) identity match (LVF), Across-henhigpe array and (ii)
physical match (RVF), Within-hemisphere array

Participants underwent 10 experimental blocks @imgj of around 45 trials each and
creating 448 trials in total. All of the trials veematch trials in which the bottom face
matched the identity of one of the top two facés.addition, as with Experiment 9,
half the matches were physical matches whereby nla¢éching faces depicted
identical images of the same identity and half widentity matches, in which the
faces were matched using different images of theesalentity. The target face
(bottom) appeared equally in the LVF and RVF andches between bottom and top
faces could occur either within the same visudtf@r across visual fields. A short
practice session consisting of all experimentalddmns preceded the experimental

session. Practice faces were not shown subseguent!

Responses were made via bimanual keyboard resputisdwo “left match” keys
with the middle fingers of the left and right haradsl two “right match” keys with the
index fingers of both hands. Key assignment wasntotbalanced between

participants Although bimanual responses were required, onlyabtest response on
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each trial was analysed, regardless of the handl uSbe experiment was controlled

using Psyscope version 10.

Results and Discussion

Accuracy

Mean correct response rates for familiar and urfamiface matches across

experimental conditions are shown in Figure 36
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Figure 36: Percentage of correct responses for match triatssaall experimental
conditions

A four-way within subjects Analysis of Variance wasarried out with factors
familiarity (familiar / unfamiliar), hemispheric rt@h condition (Within field / Across
field), match-type (physical / identity) and visuadld of top matching item (LVF /
RVF). Results revealed a main effect of familigri#(1, 21) = 12.46MSE= 68.08 p

< 0.01, with unfamiliar faces being matched moreugately than familiar. There was

158



also a significant main effect of match-tyggl, 21) = 575.27MSE = 67.74,p <
0.01, with physical matches being more accurate idh@ntity matches. Neither of the
main effects of hemispheric match conditi¢f(l, 21) = 0.98 MSE = 165.42, or
visual field of top matching itenk(1, 21) = 0.00IMSE= 417.16, proved significant.
There was however a significant 3-way interacti@ween familiarity, match-type

and visual field of top matching itefa(1, 21) = 4.38MSE= 32.83,p < 0.05.

Analyses of the simple main effects revealed thattie factor familiarity, there was
a significant difference between accuracy for idgntnatches for which the top
matching items were presented in the L¥EL, 21) = 31.69MSE= 68.07,p < 0.01,
and the RVF,F(1, 21) = 9.28 MSE = 68.07,p < 0.01. In each of these cases,
unfamiliar faces were matched more accurately taamliar. No such performance
difference was in evidence between familiar andaomliar faces for physical
matches to either the LVF or RVE,> 0.05. As discussed in Experiment 10, it may
be that this unexpected shift for unfamiliar fate$e matched more accurately than
familiar could be an artifact of the stimuli usext fdentity matches. Alternatively, a
more complex explanation involving greater attamt@apture by familiar faces has
also been proposed. Regardless of the causesofedilt, it appears that even with
the change in methodology intended to boost acgurparticipants still found
familiar identity matches too complex to be ablepgrform accurately within the
constraints of the experimental design. There wssshown to be a significant effect
of match-type for familiar and unfamiliar faces whé&p matching items were
presented to both the LVF and RVF. Specificallyygcal matches were shown to be

more accurate than identity matches across allitond, p < 0.05.
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It therefore appears that regardless of whethdretmatched stimuli are presented
within a single visual field or divided across betbual fields, accuracy performance
is unaffected. This finding is true regardless vdiether matches are between

identical images or different images of the sanemtidy.

Reaction Times

Means of median reaction times for correct respoosa be seen below in Figure 37

for familiar and unfamiliar face matches acrossegkpental conditions.
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Figure 37: Means of median reaction times for match trialossrall experimental
conditions.

A four-way within subjects Analysis of Variance wearried out with factors as for
the accuracy analyses. Results revealed significeain effects of familiarityF(1,

21) = 75.16 MSE = 3679,p < 0.01, with unfamiliar faces being respondedastdr
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than familiar, and of match-typ&(1, 21) = 79.68MSE = 22602,p < 0.01, with

physical matches being made quicker than identiggches. The main effects of
hemispheric match conditipf(1, 21) = 0.0349MSE= 18689, and visual field of top
matching item,F(1, 21) = 0.043,MSE = 8486, however, both failed to reach
significance. Finally, there was also a significameraction between familiarity and

match-typeF(1, 21) = 10.45MSE= 8053,p < 0.01

Analysis of the simple main effects revealed tlatthe factor familiarity, there was a
significant difference between response times &th IphysicalF(1, 21) = 7.55MSE

= 36797,p < 0.01 and identity matche(1, 21) = 90.5MSE= 3679,p < 0.01, with
unfamiliar faces being responded to more quicklgach instance. In addition, for
the factor match-type, it was shown that physicataimes were faster than identity
matches for familiarfF(1, 21) = 58.93MSE = 22602,p < 0.01, and unfamiliar face

matchesF(1, 21) = 24.48MSE= 22602p < 0.01.

These results therefore depict a similar patterresiilts as for the accuracy analysis.
No observable advantage for dividing processingvbeh the hemispheres for either
the physical or more complex identity matches carséen. This pattern of results
therefore fails to support the hypothesis thatemggr across-field advantage would be
observed for the more perceptually complex identitgtches. Moreover, whilst

unfamiliar matches were faster overall, the santeepaof results was observed for
both familiar and unfamiliar face matches. Compt{2002), suggested that the
intermixing of physical and identity matches withime same experimental blocks
may play some role in the lack of performance daiton between these match types.

Specifically, physical and category match manipoiet required the same decision
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type and consequently what was varied between nigpels was the perceptual
demands. Previous studies demonstrating an adeddsddvantage for identity
matches using letters as stimuli have presentesigdiyand identity match-type trials
in separate blocks. As a result, participantsivecedifferent task instructions for
each match-type and therefore carried out diffedittision processes for physical
and identity matches. Such studies have assune@dloss-hemisphere advantage
for identity matches arose as a result of diffeesngetween the difficulty of decision
type between physical and identity matches. MYeitaterhemispheric interaction is
not as effective in facilitating perceptual proasssthis could account for why the
physical versus category manipulation in the presardy had little influence on the

inter-hemispheric advantage.

It has been suggested that the general patteesolts in which unfamiliar faces were
matched more accurately and faster than familiary npossibly represent
inconsistencies in the properties of familiar andfamiliar stimuli pairs or an
indication that attention capture caused by famifi@ces rendered the task too
difficult for participants. Despite changes in tedology intended to boost
performance in the identity match condition, it niagy that this match-type remains

too complex under these experimental conditions.

One further factor that may have impacted on theeot results relates to the
possibility that the visual system has a limitedpamaty for processing faces
(Bindemann, Burton & Jenkins, 2005). The existen€esuch a bottleneck may

therefore act in obscuring any advantages thatdcbal achieved through dividing
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processing between the hemispheres. This posgililll be explored in the final

experiments of this chapter.

Experiment 12: Interhemispheric Communication Invesigated

During A Semantic Decision Task.

Several studies have suggested that face proceassipde subject to capacity limits
whereby only a single face is capable of being ggsed at any one time (Boutet &
Chaudhuri, 2001; Bindeman, Burton & Jenkins, 2009)his being the case then one
reason for the poor performance reported in Expamis110 & 11 could relate to the
issue of multiple faces competing for limited fgm®cessing resources. The aim of
Experiment 12 was therefore to explore this pobsibithrough presenting
participants with a semantic matching task comgrisea combination of face and
non-face items. Through manipulating the numbefaoés presented in each visual
array, it was hoped that a comparison of resultsvden different stimulus
combinations would be able to provide further ihssginto the impact of task

difficulty on interhemispheric communication.

The same methodological paradigm as set out inrirpat 11 was used as the basis
for Experiment 12, however participants were regglito match pairs of stimuli for
nationality. Matches could occur between pairdagks, flags or a combination of
both faces and flags. It was hypothesised thatmeatbetween pairs of faces would
prove most challenging for participants and as ghishmatch-type may benefit most
from across-hemisphere processing. In contradi;hrea between pairs of flags were

expected to be more straightforward, with any atommisphere advantage
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anticipated to be less than that for pairs of facésdeed, in a task involving the
semantic categorisation of pictures, Koivisto (2008emonstrated that dividing
processing across the hemispheres improved penfmarfar relatively complex tasks
involving the categorisation of pictures from tlan® category. However, no similar
advantage was observed for the less complex taslatefjorising visually identical

stimuli.

For cross-domain matches between faces and flaygrad different patterns of
results are possible. One outcome could be teatith Koivisto (2000), an across-
hemisphere advantage will be observed for semanéitthes between items of the
same category. This being the case then the nuagniof this effect would be
expected to lie somewhere between that of the flexe-and flag-flag matches. The
results of a further classification task using yies and words have also shown an
advantage for dividing processing across the hdmigs for within domain matches
(Koivisto & Revonsuo, 2003). However, the samedgtalso showed that cross-
domain matches (between words and pictures) pradune difference between
performance for stimuli presented unilaterally orbioth hemispheres. The authors
speculated that a lack of cross-hemisphere advameas observed in this instance
due to different cortical access routes being reqgufor the processing of different
stimulus modalities. As a result of these différ@ecess routes, simultaneous
processing could occur within a single hemisphemgthout overloading the
processing capacity. Consequently, in relatiomht present experiment, it may be
that cross-domain matches between faces and flagsexhibit a similar lack of

dissociation between within and across hemisphatehas.
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Method

Participants

18 participants (10 females) were paid for thertipigation in the study. Ages ranged
from 18 to 23 yearsM= 19.8 years). Each participant had normal or ctekto
normal vision. All participants were strongly rigianded (mean laterality quotient =
93.5) as assessed by the Edinburgh Handednesgsdny€@ldfield, 1971) and had no
left-handed first-degree relatives. Participantsemecruited on the basis that they

could recognise British and American celebrities.

Stimuli

12 different images each of Tony Bair (British Peiriinister at time of testing),
George Bush (American President at time of testitigg Union Jack (British flag)
and the Stars and Stripes (American flag) servestiasili. Flags were cropped to
elliptical shapes so as to produce a close resedl® the face outlines. All images

were converted to grayscale.

Similar to previous experiments in this chapteémstus arrays were created for each
trial consisting of three stimuli arranged in amgular formation. Two stimuli were
presented above a central fixation point and ot@aeOn screen image size of each
face and flag was approximately 3.5 cm highx2.5wide, corresponding to a visual
angle of 3.5 x2.5 shown at distance of 57 cm. The top two stim@revcentered at
2.5 above fixation and 5to the left and right of the fixation point whildte bottom

stimulus was centered at 25elow fixation and 2.&to the left or right of this point.
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Procedure

Participants were seated at a fixed distance afrd#rom the 16 inch monitor of an
Apple Macintosh G5 Workstation, using a chin-resthwforehead restraint bar.
Participants were instructed that they would besgméed with arrays of faces and
flags for which they were required to indicate wiegtthe bottom item of each array
(target) matched either the left or right of the two items for nationality. It was
made clear to participants that a match would adwlag present and that matches
could occur between pairs of items that were fldgses or a combination of both
flags and faces. In addition, they were instruatetl to move their eyes from the

fixation cross, and to perform as fast and acclyratepossible.

Trials began with the presentation of a centradtfon cross for 1500 ms followed by
the presentation of a stimulus array for 200ms.he Tixation cross remained on
screen during stimulus presentation. The intet-tliaation was 500 ms in which a

blank screen was shown. Examples are given beldwgure 38.

(i) (ii) (iii) (iv)

Figure 38: Examples of (i) Within LVF, face-face match, (Axross RVF, face-flag
match, (iii) Across LVF, flag-face match and (ivkdss RVF, flag-flag match.
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Subjects underwent 4 experimental blocks consisifreyound 96 trials, and creating
384 trials in total. All of the trials were matc¢hals in which the bottom item
matched the nationality of one of the top itema. atldition, half the matches were
British and half were American. The target itemot{om) appeared equally in the
LVF and RVF and matches between bottom and topsiteould occur either within
the same visual field or across visual field&.short practice session consisting of all

experimental conditions preceded the experimeptsion.

Responses were made via bimanual keyboard resputisdwo “left match” keys

with the middle fingers of the left and right haradsl two “right match” keys with the
index fingers of both hands. Key assignment wasnitbalanced between
participants Although bimanual responses were required, onlyabtest response on
each trial was analysed, regardless of the handl uSbe experiment was controlled

using Psyscope version 10.
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Results and Discussion

Accuracy

Mean correct response rates are shown below irré-gf1

E Top item LVFLO Top item RVF

100.00%
90.00% -
80.00%
70.00%

Percentage Correct

60.00%

50.00%
flag-flag face- flag-flag

Figure 39: Percentage of Correct Responses across conditions

A 3-way within subjects ANOVA was carried out widictors hemispheric condition
(Within / Across), match-type (face-face / facegflaflag-face / flag-flag) and visual
field of top matching item (LVF / RVF). Resultsvealed only a main effect of
match-typeF(1, 17)= 106.2,MSE =93.38,p < 0.01, with face-face matches being
least accurate and flag-flag matches most accuraBath the main effects of
hemispheric conditionF(1, 17) = 2.38, MSE = 46.85, and visual field of top
matching itemf(1, 17)= 0.89,MSE =103.44, did not prove significant. There were

also two significant interactions. One between ispheric condition and match-type,
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F(3, 51)= 4.95,MSE =38.60,p < 0.01, and the other between match-type and visual

field of top matching itenk (3, 51)= 3.369,MSE =78.18,p< 0.01.

Analysis of the simple main effects for the inteéi@c between hemispheric condition
and match-type revealed that for the factor hen@sphcondition, there was a
significant difference between performance onlthatface-face conditiors(1, 17)=
10.89,MSE =46.85,p < 0.01. Performance on the across condition was showoe
more accurate than that for the within. This israportant finding as it demonstrates
that dividing processing between both hemispheyed benefit in matching familiar
faces. It is also indicative of the fact that fd@ee matches are more complex than
the other match-types, possibly as a result of iplaltfaces leading to an over
taxation of attentional resources. Some suppottiegefore offered to the idea that
participant’s ability to process and match facesExperiment 11 may have been
affected by a capacity limit. As with Experiment, 1participants were again
presented with 3 faces in this match-condition doreatefore it would appear that the
decision type involved in the match-decision isoatsf importance (identity vs.

semantic).

A significant difference between match-type fortbtite Within,F (3, 51)= 61.13,
MSE =93.38,p < 0.01 and Across-field conditions, (3, 51)= 47.16,MSE =93.38,
p < 0.01 was also found. Specifically, for both Withemd Across-field match
conditions, comparing means using the Bonferongistichent indicated that face-
face matches were significantly less accurate #ihother match-types < 0.05,
whilst flag-flag matches were significantly morecamate than all match-typep, <

0.05. Again, this finding suggests that face-faches proved most complex for
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participants and as such the benefits of acrossispbere processing were most
evident. There was no significant difference betwvehe face-flag and flag-face

conditions.

The lack of observable across-hemisphere advamageoss-domain matches would
seem to support the results of Koivisto & Revong@003). Specifically, it may be
that the processing of these different stimulus ahbds requires different access
routes to the relevant semantic information. Ashsthe processing resources of any
single hemisphere may not be overloaded in the eBrapossibly caused by within

domain face-faces matches.

Analysis of the simple main effects for the intéi@e between match-type and visual
field of top matching item revealed that for thectéa match-type, significant

differences in accuracy existed for both the L¥K3, 51)= 64.247 MSE =93.38,p

< 0.01, and RVFF (3, 51)= 44.815,MSE =93.38,p < 0.01, top matching item

conditions. For both the LVF and RVF top matchiteg conditions, comparing

means using the Bonferonni adjustment indicated ttna face-face condition was
again significantly less accurate than all othetamaconditions whilst the flag-flag

condition was more accurate than all other matciuitions.
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Reaction Times

Means of median reaction times for correct resp®oaa be seen below in Figure 40.

E Top item LVFO Top Item RVF

1300+

1200+

1100+

1000+

Reaction Time (ms)

900 -

800 -
face-face face-flag flag-face flag-flag face-face falegrfflag-face flag-fla

Within Across

Figure 40: Means of median reaction times across conditions

A 3-way within subjects ANOVA was carried out witactors as for the accuracy
analysis. Results revealed significant main effe¢themispheric conditior(1, 17)

= 22.81,MSE =4656,p< 0.01, and match-typ&(3, 51)= 42.82,MSE =22741p<
0.01. Of these, within field matches were showbddaster than across, whilst flag-
flag matches were shown to be quickest and flag-&owest. There was however
no significant main effect of visual field of topatching itemF(1, 17)= 0.63,MSE

= 11370,p<0.01. Finally, a significant interaction betweesnhspheric condition x
match-type x visual field of top matching item waso foundF(3, 51) = 11.30MSE

= 5959,p < 0.01. To analyse this interaction further, tla¢a was split and two 2-
factor ANOVAs were conducted, one for the withimtgphere matches and one for

the across-hemisphere matches.
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Analyses of both the within and across-hemispher@ches revealed only a
significant main effect of match-type (withif(3, 51) = 43.51MSE = 17988,p <
0.01; acrossE(3, 51) = 43.51MSE= 17988,p < 0.01). Contrasts between means in
both cases revealed that flag-flag matches weneifisigntly faster than all other
match-typesp < 0.05. Flag-face matches were also shown tagméfisantly slower
than both face-face and face-flag matches, whilstet was no observable difference

between face-face and face-flag matcipes0.05.

Therefore, unlike the accuracy results, no advanta@s observed for across
hemisphere face-face matches. Indeed, it wouleca@pthat no advantage for any
condition was evident when matches occurred adyodshemispheres. Performance
for flag-face matches was slowest overall, a figdinat is surprising given that this
condition contains fewer faces than both the faoe-fand face-flag matches. Such a
finding would therefore appear to be at odds vhoties of capacity limits for faces.
It may be that the stimulus characteristics offtag stimuli are harder to distinguish
between than those of faces however, evidenceigoetfect cannot be seen in the
flag-flag condition. It would therefore be usefol explore how the present results
compare to match conditions in which the non-maightem in each case is of a
different stimulus modality to the matching itenSuch a comparison should be able
to provide a clearer impression of the underlyimgcpsses involved in this current

experiment.

In summary, whilst there is some evidence thatding task information between the

hemispheres is of benefit for the more perceptuedisnplex face-face matches in

terms of accuracy, this advantage was not mirronedhe reaction time results.
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Overall, it appears that performance both withinl a&tross hemispheres is fairly
comparable. Support is therefore offered to Kewi& Revonsuo (2003) who also
demonstrated an advantage for dividing processtngsa the hemispheres for within
domain matches yet observed no distinction betweaiateral and bilateral

performance for cross-domain matches (between wardgictures).

Following on from these findings, the final expeeim in this chapter looks again at
the issue of whether a capacity limit for face psming may have impacted upon
participant’s ability to carry out face matchingka involving multiple faces such as
those in Experiments 10 and 11. Through the ptaten of different non-face
items, it is hoped that further insights relatiregthe impact of task difficulty on

interhemispheric communication might be gained.

Experiment 13: Interhemispheric Communication Invesigated
During A Semantic Decision Task With Faces And Nange

The aim of Experiment 13 was again to addresssthgei of whether manipulating the
number of face and non-face items presented darisgmantic matching task might
influence patterns of interhemispheric communicats a factor of task difficulty.
The results of Experiment 12 demonstrated an adregsadvantage for accuracy in
face-face matches only. No further evidence obemoss-field advantage for any of
the other match-types was found. Experiment 18thee substituted the British and
American president’s names at time of testing (BUsid BLAIR) for the American
and British flags used in Experiment 12 in order gstablish the impact that
interhemispheric communication would have on thdsgterent match-types. An

additional focus of this experiment was to ascertow patterns of results would
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compare to those achieved in Experiment 12 in wlaictombination of flags and

faces were presented as stimuli.

Previous research involving the naming and clasgifin of famous faces and names
has shown that faces are generally categorised assemantic information faster
than written names (Young, et al, 1986). Thesalt®svere however obtained after
the presentation of a single stimulus item. It wiotlierefore be expected that if a
capacity limit for face processing does have thidityldo impact on performance
during these current face-matching paradigms, ttaee-face matches would still
remain more difficult than name-name matches. €Egmently, face-face matches
may benefit more from across-hemisphere procedbeng names, given these are not

believed to be subject to such similar processorstraints, (Bindemann et al, 2005).

As a result of the across-hemisphere advantageraasdor face-face matches in
Experiment 12, it was expected that a similar athga would also be obtained for
face-face matches in Experiment 13. Finallyaldsthing the outcome of cross-
domain face and name matches was also of intavesd §0 determine whether a lack
of observable difference between within and actossiisphere processing would

again be displayed.

Method

Participants

18 patrticipants (14 females) were paid for thetipgation in the study. Ages ranged
from 18 to 25 yearsM= 20.3 years). Each participant had normal or cteckto

normal vision. All participants were strongly rigiinded (mean laterality quotient =
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94.1) as assessed by the Edinburgh Handednesgsdny€@ldfield, 1971) and had no
left-handed first-degree relatives. Participantsemeecruited on the basis that they

could recognise British and American celebrities.

Stimuli

12 different images each of Tony Blair (BritishrRe Minister at time of testing), and
George Bush (American President at time of testiapng with 12 versions of the
name BLAIR and BUSH in different typefaces servaedsamuli. All face images
were converted to grayscale whilst names appeanedavhite font on a black

background.

Similar to previous experiments in this chapteémastus arrays were created for each
trial consisting of three stimuli arranged in amgular formation. Two stimuli were
presented above a central fixation point and ot@\lbeOn screen image size of each
face was approximately 3.5 cm highx2.5 cm wideresponding to a visual angle of
3.5 x2.% shown at distance of 57 cm. The top two stimd@revcentered at

2.5 above fixation and 5to the left and right of the fixation point whilgte bottom
stimulus was centered at 25elow fixation and 2.&to the left or right of this point.

Examples of stimulus arrays can be seen belowguargi41

(i) (iii)

Figure 41: Examples of (i) Within LVF, face-face match, (iicoss RVF, face-name
match, (iii) Across LVF, name-face match and (igréss RVF, name-name match.
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Procedure

The experimental procedure was the same as forrlexgat 12 with the exception

that the presentation of the names BUSH and BLAIBS8tuted the presentation of

the American and British flags.

Results and Discussion

Accuracy

Mean correct response rates are shown below irré-igf1

@ Top Item LVFQTop Item RVF‘

100.00%-

90.00%-

80.00%-

70.00%-

Percentage Correct

60.00%-

50.00%-+

face-face| face-name name-face  name-face-face| face-name name-face name-
name name

Within Across

Figure 42: Percentage of correct responses across experincentitions

A 3-way within subjects ANOVA was carried out witdctors hemispheric condition

(Within / Across), match-type (face-face / face-edmame-face / name-name) and
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visual field of top matching item (LVF / RVF). Réts revealed significant main
effects of match-type;(3, 51) = 76.01MSE= 109.44p < 0.01, and of visual field of
top matching itemF(1, 17) = 5.97 MSE = 135.97,p < 0.05. No significant main
effect of hemispheric condition was observie(l,, 17) = 0.757MSE= 81.52. There
was also a significant interaction between hemispheondition, match-type and

visual field of top matching itenk(3, 51) = 3.791MSE= 53.54,p < 0.05.

Analyses of the simple main effects revealed tlzatefface matches were more
accurate when matches were across-hemisphere amndptmatching item was in the
RVF as opposed to the same match-type within hdmargpF(1, 17) = 14.79MSE =
81.52,p < 0.01. This is an important finding as it reptes the across-field
advantage obtained in Experiment 12 for face-faa&ches. Face-face matches were
again the only to show an across-field advantageyimg that such matches are most
cognitively demanding for participants to proceBerformance was also shown to be
more accurate for across hemisphere face-face emtchwhich the top matching
item was presented to the RVF compared with the ,LIME, 17) = 14.99MSE =
135.97,p < 0.01. It may be that as reported previouslyhils thesis, an additional
advantage can be obtained for cross-hemispherich@stin which the top-matching
item is displayed to the less dominant RVF/LH. Wihthis seems plausible, it has
also been reported that differences in lateraliy r@ot believed to impact upon the
benefits of interhemispheric communication relatiodgask difficulty (Banich, 1995).
Moreover, it would be expected that performance doross-hemisphere face-face
matches in which the top-matching item was presketdehe LVF/RH would in turn

be more accurate than those presented the RVF/Likis was not shown to be the
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case and therefore why such a difference betwessettwo match conditions exists

remains unclear.

Performance for face-name matches on the other\wasdhown to be more accurate
for within hemisphere matches compared to acteds,17) = 5.32MSE=81.52p <

0.01. This reverse pattern of results for crossiia matches implies that perhaps
this match-type is less demanding and the resowfcassingle hemisphere are alone

capable of carrying out the processing.

Differences existed between match-type performaaicall experimental conditions
(within LVF: F(3, 51) = 28.91MSE = 109.4,p < 0.01; within RVF:F(3,51) =
24.895,MSE = 109.4,p < 0.01; across LVFF(3,51) = 24.543MSE = 109.4,p <
0.01; across RVH=(3,51) = 5.63MSE= 109.4,p < 0.01 ). Comparisons between
means using the Bonferroni adjustment revealed fimatwithin-field matches in
which the top matching item was presented to thé lo¥ RVF, and across-field
matches in which the top matching item was presketit¢he LVF, face-face matches
were least accurate. This is a similar finding ke face-face match performance
revealed in Experiment 12, and indicates that peytdue a capacity limit for face
processing, this match-type is most demanding &tigpants. For both within and
across-field matches, no difference was shown it &etween face-name and name-
face matches when the top matching item was predéatthe LVF or RVFp < 0.05.
For within-hemisphere matches, name-name matchesskewn to be more accurate
than all match types except face-name;, 0.05. However, for across-field matches,
name-name matches were significantly more acctiateall other match-types when

the top matching item was presented to the Lv£,0.05.
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Reaction Times

Means of median reaction times for correct respoosa be seen below in Figure 43

for all experimental conditions.

mTop Item LVFO Top Item RVF

1250

1200+
1150
1100
1050
950

face- face‘ face- name name- fa e name-n

Reaction Time (ms)

Within Across

ame face ace &me nname- fac% name- naTne

Figure 43: Means of median responses across experimentditoos

A 3-way within subjects Analysis of Variance wasread out with factors as for the
accuracy analysis. Results revealed significanhmetiects of hemispheric condition,
F(1, 17) = 7.31MSE= 6212,p < 0.05, and of match-typ&(3, 51) = 8.10MSE=
24918,p < 0.01, with within-visual field matches beingtisthan across. The main
effect of visual field of top matching item was mognificant,F(1, 17) = 2.05MSE=
15517. Finally, there was a significant match-typasual field of top matching item

interaction,F(3, 51) = 3.95MSE= 5383,p < 0.05.
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Analysis of the simple main effects revealed that the factor visual field of top

matching item, there were significant differencasreaction times for name-face
matches, with LVF matches being slower than RM&, 17) = 6.04MSE= 15117 p

< 0.01. Such a difference may reflect the respecteft and right hemisphere
dominances for name and face processing. Signifatifferences were also shown to
exist between reaction times for match-types whea top-matching item was

presented to the LVIF(3, 51) = 6.99MSE= 24918p < 0.01. No similar differences

in match-type performance was found when the tofehmag item was presented to

the RVF, F(3, 51) = 1.96MSE= 24918.

For matches in which the top-matching item was gesd to the LVF, comparing
means using the Bonferonni adjustment indicated tteane-face matches were
significantly slower than all other match-typgs,< 0.05. This finding differs from
the accuracy pattern in which face-face matches vsaown to be least accurate.
There is however a similarity between this resall éhe reaction time findings in
Experiment 12 whereby flag-face matches were shtawhe slowest. Given that
name-face matches contain fewer faces that facenaratches, this finding is
surprising and appears to be at odds with theoekding to capacity limits for face
processing. As suggested in Experiment 12, it didnal useful to explore how these
results compare to match conditions in which the-matching item in each case was
of a different stimulus modality to the matchingnt. Such a manipulation should be
able to provide a clearer impression of the praeessvolved in this current
experiment. Again, similar to Experiment 12, fdaee matches were significantly
slower than face-name matchgs< 0.05. No difference however was observed

between face-face and name-name matches. Thisdirglso differs from the
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accuracy performance in which face-face matches wleown to be less accurate than

all other match-types.

The pattern of results observed in the reactiore tanalyses is therefore less clear
than that obtained from the accuracy data. Eviderian across-field advantage for
any match type is not observable. Not only dogsithply that task-difficulty has not
impacted upon patterns of interhemispheric comnaiin, but consequently, it also
appears that face-face matches are not subjeciytgraater capacity limitations than
other match-types. As discussed in the accuraeyysis, this may be due to the
potentially different cortical access routes reediffor the processing of different

stimulus modalities.

In summary, the results of Experiment 13 showrg ganilar pattern to those results
observed in Experiment 12. Specifically, whilsérh is some evidence that dividing
task information between the hemispheres is of fitefer the more perceptually

complex face-face matches in terms of accuracy, ddvantage was not mirrored in
the reaction time results. Again, performance \othin and across-hemisphere
matches did not appear to differ systematically. mhy be that as suggested by
Koivsto & Revonsuo (2003), no advantage for dividiprocessing occurred due to
the processing of different stimulus modalities uieqg different cortical access

routes. Consequently, simultaneous processing @&y been able to progress within

a single hemisphere without overloading the prangsgsources.

There is some evidence to suggest that capaciiysliior face processing impacted

upon the observed results. Specifically, face-faxaches were shown to be least
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accurate and the only match-type to benefit fronosszhemisphere processing. This
finding implies that processing resources werei@ddrly taxed for such matches.
Moreover, within-domain name-name matches did nabws a similar across-

hemisphere advantage, perhaps due to the factndraes are not believed to be
subject to the same processing limitations as fa€nsequently, these match-types

were less cognitively demanding to carry out.

Chapter Summary

The aim of this final experimental chapter wasxplere the impact of task difficulty
on interhemispheric communication during tasks iving face processing. Previous
studies have demonstrated that task difficulty eases the benefits of
interhemispheric communication. It was therefoypdthesised that manipulating the
difficulty of decisions associated with faces cowll$o provide a means through
which to study this effect. Whilst the effect akk difficulty on face processing has
previously been studied using unfamiliar facess tias yet to be extended to familiar
faces. The superior ease with which familiar facas be matched makes clear the
distinct differences that exist between the praogssf these face types (Hancock,
Bruce, & Burton, 2000; Burton, Jenkins, Hancock &, 2005). As such, it was
believed that any advantage obtained for dividiefgrimation processing between the

hemispheres would be greater for unfamiliar congbarigh familiar faces.

Experiment 9 sought to establish whether contrgltime cognitive demands of a task
through the division of task relevant and taskl@éwvant stimuli within or across the
hemispheres would impact upon performance. Ppatts undertook low and high-

perceptual load tasks involving letter-string idication presented along with task-
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irrelevant famous faces. This information was enésd to either a single hemisphere
or divided across both hemispheres. The hypothvessstested that under conditions
of high cognitive load, dividing information betweée hemispheres would be more
advantageous than restricting processing to aesihgmisphere. This benefit to
processing was expected to be reflected in lagts tf memory for the task irrelevant
faces. Results revealed that performance for niteli test of cognitive load was
faster for across-field conditions compared to wmiield. Such a finding suggests a
shift towards a performance benefit for spreadasiktioad across the hemispheres as
task difficulty increases. Support is thereforeecdéfl here to previous studies
demonstrating a benefit for interhemispheric comication with increasing task
difficulty (e.g. Banich & Belger, 1990; Compton,@). In the subsequent overt test
of memory for the faces presented during the loadhipulation task, there was no
clear evidence of any explicit improvement in parfance for any conditions.
However, accuracy for this test was below chanas thaking these findings difficult
to interpret. Results for the final test of mem#twy the faces presented during Stage
1 suggested that despite a lack of overt memocgyvart memory for these faces did
exist.  This finding is inline with Jenkins et €002) who also demonstrated
evidence of covert memory for faces that was ntactéd by the task load under

which faces were initially presented.

Despite this result, load manipulations during itiigal presentation of faces did not
result in different patterns of subsequent recagmitregardless of whether task
information had been presented within or acrossisgmres. Such a finding
therefore appears to conflict with theories propgghat task difficulty increases the

benefits of interhemispheric communication. Ithiswever worth considering that
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possible methodological factors may also have tethis finding. Specifically, the
load conditions during the Stage 1 selective atiartask may not have functioned in
the manner they were intended. Because the tdskarg letter strings were not
embedded in the faces on across-field trials, thay subsequently have been clearer
to read and inadvertently led to clarity betweea #xperimental conditions being
lost. This explanation would perhaps reveal whpriming effect was observed
which did not differ significantly across experintgnconditions. Indeed, the results
from Stage 1 show an increase in accuracy for adiemisphere trials. This was
interpreted as a sign of a benefit of sharing dognioad between the hemispheres,
however, it may instead reflect an advantage cabgetie perceptual simplification
of the task. It would therefore be of interestrépeat the experiment presenting the
task-relevant letter-strings beneath the facesoth lbonditions so as to more evenly
balance the perceptual difficulty of the task. iAaf consideration in relation to the
current results is that there is some evidence uggest that interhemispheric
communication can be less efficient when both hphases perform on separate tasks
(Berger, Windmann, & Guntirkin, 2006). Therefatenay be that the across-field
trials in Stage 1 of the current experiment creasedituation in which each
hemisphere was carrying out a separate processs PBEing the case then any
intended benefits of dividing cognitive load betwdbhe hemispheres may have been

eliminated.

Experiments 10 and 11 therefore adopted a differesthodology to address the issue
of the impact of task difficulty on interhemispleercommunication during face
processing. Stimuli were presented in visual &amgg and participants were required

to match pairs of faces either within a single aisiield or across both visual fields.
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Both physical and identity matches for famous anfamiliar faces were examined, a
manipulation intended to alter the degree of dittic for which matches could be
made. It was hypothesised that any across-fielddge would be greatest for the
more complex identity matches involving matchesMeen different images of the
same identity. In addition, unfamiliar face matheere also expected to show a
greater across-field advantage compared to famiiaes. Results revealed that
accuracy performance for Experiment 10 was extrempebdr. Of particular note was
the finding that unfamiliar faces were matched mquéckly and accurately than
familiar faces, particularly during identity matsheSuch a departure in performance
from previous studies comparing familiar and untanface matching abilities led to
the assumption that some additional factor wasoresiple for these results. The
most straightforward of these explanations is thesgbility that greater differences
between pairs of faces existed for familiar idgmtitatches than unfamiliar. As such,
familiar identity matches would have been more leinging for participants to
complete accurately. An alternative explanationwhich attention capture for
different images of familiar faces may be grealemtthat for unfamiliar faces was
also proposed. It was hypothesised that the il disengage attention from
familiar faces may be greater than for unfamileaes. Therefore, different images of
familiar faces may produce greater interferencevéen stimuli than unfamiliar faces
and result in a tendency to respond “no-match’uchsconditions. Such a possibility

remains an issue for future research.

Experiment 11 therefore re-examined these same asering the methodology in an

attempt to boost accuracy and gain a clearer gatiany underlying effects. Results

again revealed no observable advantage for dividingcessing between the
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hemispheres for physical or more complex identiigtahes. Not only does this
finding fail to support the experimental hypothedast it is also inconsistent with
previous experiments in the field. For example m@ton (2002) demonstrated
superior performance for across-field matches coetpao within-field when
participants were required to match unfamiliar &ader emotional expression or
character identity. This advantage was also shovine greatest for the more difficult
character identity task. However, Compton (200Bp &ound little evidence to
differentiate hemispheric performance for categamng physical matches. It was
suggested that this finding could possibly be antedifor by floor effects whereby if
participants perform near chance due to the cayedecision being too difficult at
both within and across-field conditions then angrall advantage might be obscured.
Given the relatively poor accuracy reported in Expents 10 & 11, it would seem
that such an interpretation might also warrant sooresideration here. Alternatively,
the intermixing of physical and identity matcheshiw the same experimental blocks
may also have impacted upon the present lack tdrdiftiation between physical and
identity matches. Welcome & Chiarello (2008) hawewvever suggested that the
flexibility of the mechanism controlling interherpigeric communication is such that
the degree to which interhemispheric communicati@mefits performance arises
from the processing demands of a single trial rathan from experience gained on

past trials.

One final factor that may have impacted upon #salts of Experiments 10 and 11
could relate to a suggested capacity limit for pesing faces. Indeed, it has been
proposed that the visual system is only capabl@rotessing one face at a time

(Bindeman, Burton & Jenkins, 2005). Experiments&23 therefore sought to

186



establish how varying the number of faces in a sgimanatching task would impact

upon patterns of interhemispheric communicatiohe fypothesis was tested that the
greater the number of faces in a match array, thee rmognitively demanding the task
would be. This increase in task difficulty wasieaiptated to increase the benefits of

interhemispheric communication.

The results of both experiments revealed evidehe¢ dividing task information
between the hemispheres is of benefit for the npereeptually complex face-face
matches in terms of accuracy. Performance forsedosnain and within-domain flag
or name matches did not however appear to diffetegyatically within or across
hemispheres. Such a lack of benefit from interlsphmeric communication may be
explained by the suggestion that different cortiaatess routes are required for
accessing the stimulus properties of these diffestmulus modalities (Koivsto &
Revonsuo, 2003). This would result in the abifity simultaneous processing to
occur within a single hemisphere without overlogdihe processing capabilities.
Further support for this idea that different stimsiformats access related, yet distinct,
cortical access routes can also be found from Patel Hellige (2007), who
demonstrated in a task difficulty paradigm, thaking stimulus formats within a

hemisphere can increase the processing capaditafiemisphere.

Results from Experiments 12 and 13 also providedesevidence in support of the

theory that capacity limits for face processing rhaye impacted upon the patterns of
results observed for this chapter. In particulace-face matches involving a match
between stimulus arrays containing 3 faces wer&sho be least accurate and the

only match-type to benefit from across-hemispheoegssing. This finding therefore
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implies that hemispheric processing resources weadicularly taxed for such
matches. Within-domain name-name matches did hotvsa similar across-
hemisphere advantage, a finding which appearsnéroothat names are not subject
to the same capacity limits as faces. More sungibowever is the result that flag-
face matches in Experiment 12 and name-face matchdsxperiment 13 were
significantly slower than all other match-typesivén that both of these match-types
contain fewer faces than the respective face-flatpce-name matches, this appears
to conflict with theories relating to face capadiyits. Exploring the outcome of
additional conditions in which the non-matchingmtas of a different stimulus
modality would be of use to gain a clearer undediteg of this unexpected pattern of
results in both experiments. It may be the casd flag-face and name-face
conditions are reliably slower than other condsiodue to interference effects
between the matching and non-matching items. &sudiomparing unilateral
processing with bilateral processing of differetinsli have shown that a distracter
stimulus in the unattended visual field can infloeperformance (Boles, 1983, 1994).
For example, greater interference effects have lsbewn to exist between nonface
target and distracter items than between two f@@eglemann et al, 2005). It could
therefore be that such effects are of importanae Ire explaining the pattern of

results between cross-domain matches.

The lack of any clear and consistent support idawf an advantage for dividing
processing between the hemispheres appears t@dmbfprevious theories relating to
task difficulty and interhemispheric communication.Whilst it may be that
methodological factors relating to the current expents are responsible for such a

finding, it could also be the case that the besdidit distributing processing load
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across both hemispheres are not outweighed byadsts of transferring information
across the corpus callosunvhilst the degree of cerebral lateralisation faask is

not believed to influence patterns of interhemisgheommunication (Belger &

Banich 1998), it remains possible that differencethe ability for each hemisphere to
contribute to processing are nonetheless import&iear differences for within left
and right hemisphere performance were not howevetest suggesting that both
hemispheres could indeed carry out the match degio a similar extent. Despite
this, an asymmetry in across-field communications veaident at various points
throughout this chapter, indicating that influernédhemispheric capabilities may still

be significant.

All of these points will be considered further hetfinal, concluding chapter.
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Chapter 6

Summary and Conclusions
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Determining the instances and means through wharhnaunication between the
cerebral hemispheres occurs has provided the roairsffor this thesis. It is widely
acknowledged that the hemispheres do not operasoliation during the processing
of complex visual stimuli, with a large body of dgnce in support of such a claim
emerging from both divided visual field and neuragmmg studieqe.g. Banich &
Belger, 1995; Mohr, et al, 2002; Schweinbergeralet2003; Pulvermdiller, 2005;
Mohr, Endrasss, Hauk, & Pulvermiller, 2007). Despihe integral nature of
interhemispheric communication to cognitive prooegs both the circumstances
under which this takes place and the nature of itifermation that can be
communicated are still relatively poorly understoddoreover, various approaches to
studying interhemispheric communication have entrgend it appears that the
particular paradigm used for investigation as aslthe question being addressed can
be instrumental in the pattern of results producddhrough exploring the impact of a
range of such approaches, this thesis aims toigsight into how such information

transfer operates during the processing of ideitftyrmation.

Studies investigating the bilateral advantage gl®a means for exploring the depth
of identity information that can be communicatedssrhemispherically. Such studies
have demonstrated that the simultaneous presamtafiadentical stimuli to both
visual fields can lead to superior performancetiredato a single stimulus presented
unilaterally. In the face domain, these perforneaadvantages have been shown to
occur only for familiar but not unfamiliar faces @M, et al, 2002; Schweinberger, et
al, 2003), a finding which has been interpreted dyme as evidence that
interhemispheric communication in such circumstanseeliant on the activation of

learned cell assemblies spanning both hemisphériesough extending this paradigm
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to incorporate the presentation of distinct but ppmentary identity information to
each visual field it was hoped that insights refgtito the nature of possible
hemispheric interactions could be gained (Chaf@&&s3). Specifically, it was aimed
to establish whether it was possible to achievérattsidentity driven collaboration
with stimuli denoting the same concept or whethiess-hemispheric communication

is restricted to more high-level stimulus drivetenactions.

An emerging pattern of results from several studhethis thesis point towards the
conclusion that the information being combined wgri interhemispheric
communication contains information specific nottjus the high level image
characteristics of a face, but also to more abistidentity associated elements. The
bilateral advantage obtained in Experiment 1 afterpresentation of complimentary
left and right face halves provided the first iration that interhemispheric
communication in such circumstances is not rel@mtidentical information being
presented to each visual field. Performance ioéisins in relation to ceiling and
floor effects in Experiment 2 with upper and lowlace halves, restricted further
evidence of such visual identity collaboration. wéwer, this finding was extended in
Experiments 4 and 5 to reveal that both cross inaaglecross-domain face and name
pairings could also result in a bilateral advantag®th of these experiments served
as important indicators of the type of informatitvansfer that is capable of being
achieved using such a divided visual field paradig®pecifically, it appears that
abstract identity information obtained from faces names can be combined to
improve performance relative to single hemisphesggpmance. While there has
been an indication of this finding in other domauiseng less visually complex stimuli

such as numbers (e.g. Marks & Hellige, 2003), tistgdies provide the first evidence
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to extend this finding to the face domain. No ewick of collaboration between the
hemispheres was however achieved after the prémentaf personal names, a
surprising effect given the previously-observediteital advantage for words (Mohr,
et al, 1994). The fact that performance appeavelet occurring near ceiling may

provide an explanation as to why the expected qatteresults was not achieved.

The evidence of abstractive priming obtained in d&kpents 7 and 9 made clear that
this depth of communication is not restricted tdhmods of investigation such as those
based on the bilateral redundant paradigm. Urthleedivided visual field paradigm
utilised in Chapters 2 and 3 which does not necidgs@quire interhemispheric
communication in order to perform the task, dividesual field repetition priming
studies are reliant on performance in one hemigpheing directly influenced by the
presentation of a stimulus in the opposite visueldf Cross-hemisphere image-
specific priming and abstractive priming with latksed primes and central targets
have both been demonstrated previously with faBesrfie & Hole, 2006; Cooper, et
al, 2007). However, Experiment 7 is the first sttml demonstrate cross-hemispheric
abstractive identity priming using different imagesthe same identity at prime and
target.  This finding adds further strength te ttlaim that it is not just low-level
visual characteristics of a stimulus that can bermoonicated cross-hemispherically
but rather deeper levels of information transfer aso occur at a non-image specific
level, perhaps akin to identity. One suggestion Heeen that the cortical
representations that may be responsible for theatdodl advantage and
interhemispheric priming effects may be neurobimaly equivalents of face
recognition units (FRUs) (Bruce & Young, 1986; Rurt Bruce, & Hancock, 1999;

Burton, Jenkins, Hancock, & White, 2005). Such BRdve said to allow for the
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identification of faces independently of variatiomsimage and would therefore be

plausible structures to be involved in this forrcommunication.

The above findings are consistent with severalroshedies in the field which point
towards the likelihood that both superficial anchoeptual aspects of a stimulus
contribute to interhemispheric collaboration efée(@.g. Marks & Hellige, 2003; Patel
& Hellige, 2007). Indeed, as has been suggested by Marks & Helligesize of the
bilateral advantage obtained may be determinednbyektent to which stimuli on
bilateral trials activate homologous areas in bwmispheresFor example, Marks &
Hellige (2003), revealed evidence of a bilateralaaddage when numeric quantities
were presented to each visual field in differesual formats. While this finding and
several others in this thesis do indeed suggesatisract identity information can be
combined across hemispheres, the results of Expatid revealed that the greatest
bilateral gain was found after the presentatiomdehtical faces rather than different
images of the same identity. Therefore, as witmynather explorations into face
recognition, there appears to be an extra advarftageo-operation at the image
level. This finding mirrors the results of Marks Kellige (2003) and may well be
related to the fact that most callosal fibres cahf@mologous regions of the two
hemispheres (e.g. Vercelli & Innocenti, 1993). réfation to the neurocognitive
explanation of the bilateral advantage discussediqusly, it could be that different
identity formats activate areas of the cortex aedce cell assemblies that are similar
yet not completely identical. As a result, providdtat both formats activate
sufficiently homologous areas then activation wid enough to produce a bilateral
advantage, although perhaps one that is smallerwloald be produced for identical

stimuli. Although different identities sharing ansmon concept may not activate
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completely homologous cortical areas, it is pogsthht some shared representations
of a given CA will be activated. Further insightgo the precise nature of such
communication might be explored further by exangnithe effect of semantic
judgments of personal identity on the bilateral aadage or through cross-
hemispheric semantic priming studies. The latgs successfully been achieved in
the language domain (e.g., Abernethy & Coney, 1996ljins, 1999; Koivisto &
Hamalainen, 2002) and it would therefore be intargsto establish whether this

transfers to the domain of faces.

There are however some inconsistencies with theealEsults and those of the cross-
domain face-name pairings achieved in ExperimenP8&rformance here was shown
to be most advantageous when visual field inputsewsf a different stimulus
modality (face-name) rather than identical (faceeja These results therefore do not
seem to reflect an advantage to one stimulus typedther the pooling of a shared
conceptual activation. As with other results imstthesis, such contrasting results
may be explained by the notion that the simultasemativation of different cortical
access routes allows for each hemisphere to opm@te effectively. In addition, the
optimal bilateral performance was achieved whenhehemisphere received its
dominant mode of stimulus. Such a finding opé&esdoor to exploring the impact of

different processing biases on optimising hemispt@mmunication.

Support for the proposition that different stimufosmats access related yet distinct
cortical access routes can be found from PateHaeilige (2007), who demonstrated,
in a task difficulty paradigm, that mixing stimulfermats within a hemisphere can

increase its processing capacitbydeed, the results from the task difficulty pagpds
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in Experiments 12 and 13 would also seem to confinis suggestion. Specifically,

as will be discussed in greater detail later, megdbetween cross-domain pairings did
not appear to benefit from dividing processing lbativeen the hemispheres. It may
be that this was due to the different stimulus nhitda being processed through

different cortical routes without overloading thegecity of any one hemisphere.

The above studies appear to reflect evidence titethiemispheric communication can
occur at non-image specific levels. Evidence thath communication may also
occur asymmetrically in the direction of RH to LHasvalso obtained from further
studies in this thesis (Experiments 8, 9 and 18)jven that the RH is known to be
dominant in the processing of faces, the directibthe cooperation implies that the
processing superiority of the RH may be actingadilitate the less specialised LH.
As mentioned previously, asymmetric interhemisgherommunication has been
observed in repetition priming studies cross-hehmesigally with identical faces
(Bourne & Hole, 2006) and also with different imagd the same identity presented
laterally at prime and centrally at target (Coomeral, 2007). However, of interest in
this thesis was the finding that a similar asymgnetiprocessing did not extend to the
presentation of different images of the same it\eati prime and test (Experiment 7)
and was restricted to the presentation of identroabges at both experimental phases
(Experiment 8). This finding is particularly irguing given that image-specific
priming effects are usually smaller in magnitudantlabstractive (Bruce & Valentine,
1985; Ellis, Young, Flude, & Hay, 1987). The reéswf Experiment 8 suggest that
the contrast between previous studies demonstrasggnmetric priming effects (e.g.
Bourne & Hole, 2006) and the lack of any such dicg@l bias in Experiment 7 are

not brought about by differences in methodologynszquently, it would appear that
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the variation in observed communication asymmettwben Experiments 7 and 8
may be driven by different processing mechanismpleyed during the image
specific and abstractive priming tasks. Althoughk tinderlying processes for these
priming types is not assumed to be qualitativelffedent (e.g. Schweinberger,
Pickering, Burton & Kaufmann, 2002) the fact thastances exist in which robust
behavioural effects are difficult to locate usingaging techniques makes this

possibility worthy of consideration.

The restriction of priming occurring within the iéfemisphere to Experiment 7 would
seem to form the basis of the observed inconsigtenasymmetric communication.
Given that both hemispheres are known to possesgairessing capabilities a lack
of priming with the LH is perhaps surprising. Hbks explanations for this were
explored in Chapter 4, including the possibilitathdifferences in timing of FRU
activation between the left and right hemispheray be responsible. It was further
speculatively suggested that the abstractive pgrpiocess during Experiment 7 may
have allowed for the activation of wider and lest®ialised cognitive representation
than did the image-specific priming process socbdve a facilitative effect on
priming. However, the bilateral advantage obserirecExperiment 4, involving
different images of the same identity was not shoovibe as great as that achieved
with identical face images. It was suggested Iteae different identity formats may
activate areas of the cortex and hence cell asgesnkihat are similar yet not
completely identical. In turn this may result ienhispheric interaction that is less
robust than after the activation of identical imagé&Vhile these two findings appear
difficult to reconcile, it may be that the diffei@@s in methodological paradigms may

play some role here. Specifically, the bilateedundant paradigm requires for the
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immediate activation of shared stimulus conceptsraas repetition priming studies
are reliant on more sustained levels of activatidimerefore, if abstractive priming
leads to longer lasting and more widespread aativdhan image specific priming,
this could offer an account for the differencesasymmetrical communication.
Finally, as discussed in Chapter 4, there rem&i@gossibility that this asymmetry in
communication may be a more general RH to LH pmsiogsbias rather than a
mechanism to enhance processing. For example, nsen@iming studies have

shown interhemispheric cooperation appears to occthlie reverse direction of less
dominant to more dominant hemisphere (RH to LH) §/lethy & Coney, 1996;

Collins 1999; Koivisto & Hamalainen, 2002).

The focus of the final experimental chapter wamtestigate further the purpose of
interhemispheric communication and more specifyctall ascertain whether dividing
cognitive processing between both hemispheres ige meneficial to performance
than constraining to one. A methodological panadapopted from Banich & Belger
(1990) was employed in which participants were maguto match faces presented
either within a single hemisphere or across bothitgheres. Results from previous
studies have suggested that as task difficultyes®es, a general shift towards
performance benefiting from dividing processingwestn the hemispheres typically
emerges (Brown et al 1999; Koivisto, 2000; Liedemns al, 1985; Weissman &
Banich, 2000; Compton 2002). As such, it was etqeethat a similar pattern of
results would be observed for tasks involving u@ies in complexity decisions
related to faces. An advantage for dividing teslevant information between the
hemispheres has previously been observed duringntamiliar face matching task

(Compton, 2002) for which cross-hemispheric proogssvas shown to be most
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beneficial for identity matches compared with lessnplex expression matches.
Results from experiments in Chapter 5 were howeeenewhat inconclusive with
neither Experiments 9, 10 or 11 demonstrating aiwaatage for dividing processing
load between the hemispheres, regardless of thelegity of the matching task.
Simplifying the experimental design to eliminatespible floor effects also failed to
impact on patterns of results in any significanthmex (Experiment 10). Therefore,
establishing whether methodological factors werspoesible for the lack of
differentiation between within and across hemisphigials or whether theoretical
limitations had not been considered therefore apoedo be of importance.
Unexpected findings such as that of unfamiliar $albeing matched more accurately
than familiar (Experiment 10) may well have beewnsesl by a failure to balance
certain image characteristics between stimuli oa assult of differences in attention
capture for familiar and unfamiliar faces. Whihese factors may have played a role
in confounding the observed results, the posgbilitat a capacity limit to face
processing (Bindeman, Burton & Jenkins, 2005) wastrumental was also

considered.

To determine the impact of capacity limits on thessching tasks, Experiments 12
and 13 varied the number of faces in a semantichivag task. This allowed the
hypotheses to be tested that the greater the nuohli@ces in a match array, the more
cognitively demanding the task would be. Such rarease in task difficulty was
anticipated to increase the benefits of interhehsig communication. Performance
results revealed that the perceptually more comp@Rrantic matches between pairs
of faces were indeed least accurate and the ontghtgpe to benefit from across-

hemisphere processing. This finding provides gestiae most compelling support to
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the notion that division of labour between the reheres can aid complex cognitive
tasks. Moreover, support would seem to be off¢évdtie idea that these match types
proved most difficult to participants due to redions in the processing capacity of
faces. This bottleneck in processing capacity heaxe been in operation throughout
all experiments in this thesis involving the simnkous presentation of multiple
faces. Therefore, it is worth considering thatifations to the processing of more
than one face may provide an alternative explanasto why the bilateral advantage
obtained for cross-domain face-name stimuli wastgrethan that for within domain

face-faces in Experiment 5.

Performance for cross-domain and within domain ftagname matches did not
however appear to differ systematically within ocrass hemispheres. It was
suggested that different cortical access routes beayccessed for these different
stimulus modalities and as such the processinguress of a single hemisphere are
not over-loaded (Koivsto & Revonsuo, 2003). P&télellige (2007), also found no
evidence of an increase in the benefits of interbpheric communication as task
difficulty increased when using numeric quantitrggh different visual formats (dots
and digits). The authors concluded here that ifleation of these different stimuli
could take place in parallel through different wat access routes without
interference between stimuli.  While such matchiegperiments differ from
experiments investigating the bilateral advantagethat the former investigate
whether the hemispheres can cooperate and thedatk to determine whether or not
cooperation will occur, the finding that matchesildooccur for non-identical and

semantically related stimuli does still lend furtBepport to the existing evidence that
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abstract qualities of an image, relating to idgntthn be communicated cross-

hemispherically.

Indications of possible interference effects betwemtching and non-matching items
were also evident in the results of Experimentad@ 13. Specifically, flag-face and
name-face matches were shown to be significanthyesi than all other match types.
While this finding is difficult to reconcile withheories of capacity limits in that these
conditions contained fewer faces than both face-fawd face-flag/name conditions,
there is some evidence to suggest that a distratiteulus in the unattended visual
field can influence performance (Boles, 1983, 199¥)oreover, greater interference
effects have been shown to exist between non-fagett and distracter items than
between two faces (Bindemann et al, 2005). Suthference effects may therefore
have been in operation during Experiments 12 & E8rther investigations whereby
the non-matching item in a stimulus array is ofiffetent stimulus modality to the

matching item would be of interest to establish endearly the underlying cause of

this unexpected pattern of results.

Methodological factors do appear to account forl#o& of any clear and consistent
evidence of an advantage for dividing processingtaak complexity increases.
Despite this, it is worth considering that possithleoretical limitations may also be
responsible. For example, it seems plausible hateral processing may occur for
all stimuli types, regardless of complexity. Irasang task complexity may simply
increase the strength of this activation occurimgpoth hemispheres. Some support
for this theory can be seen in an fMRI study forngsbn neural recruitment related to

linguistic complexity (Juset al, 1996 It was demonstrated that even at the lowest
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level of sentence complexity, bilateral activatioras present. As complexity
increased, the strength of these existing signaés \also shown to increase
accordingly. Therefore, it may simply be that nedt methods of evaluating patterns
of hemispheric interaction are not sensitive enot@lprovide a full picture of the

mechanisms occurring in relation to task complexity

Several of the experiments reported in this thapigeared to have been affected by
the presence of floor effects. As mentioned abaeturacy in Experiment 2
involving complimentary upper and lower face halweas around chance for
conditions containing just the lower half of theeda In addition, performance in
experiments exploring the impact of task difficu{Ghapter 5) also produced several
results for which accuracy was particularly low.lthdugh low accuracy in divided
visual field paradigms is not uncommon, (e.g. Modir,al, 2002) it appears that
factors such as the brief exposure time of numerraplex face stimuli in the
periphery of vision resulted in participants freqiye failing to cope with the
demands of the task. Consequently, the resultowy feffects in such experiments
may have acted to obscure the true nature of adgrlying effects. Related to this
issue concerns the analysis of reaction timesXpeements where accuracy was near
chance. Specifically, in instances where perfomeawas particularly poor, the
number of correct responses on which reaction éinadysis could be based was very
limited. Moreover, the conclusions that can bawsh from such reaction times
associated with near chance accuracy must be tinaitel tentative. Consequently, it
seems prudent that in experiments where floor &ffae suspected, greater attention

is placed upon the interpretation of accuracy data.
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The patterns of interhemispheric communication desd throughout the

experiments in this thesis may be characteriseddopus theoretical models. The
most predominant of these are a neurocognitive wadcef interhemispheric

communication based on Hebbian learning principles transcortical cell assemblies
and an alternative race model hypothesis. Attamggb reconcile results within such
theories is difficult. For many of the reportedoexnments, the observed behavioural
results can be explained by a neurocognitive mgdel race model explanation is
also not falsified by the data. As outlined presly, a race model assumes that if
both stimuli are processed independently and ialigdy the hemisphere that is most
efficient for a particular task normally completigsfirst and initiates a response.
However, if the less specialised hemisphere ocnallijocompletes the task fastest,
the overall average processing speed will be fdkter unilateral presentation to the
specialised hemisphere. According to this modeljaeral advantage would be seen

for any kind of stimuli.

Experiment 3 attempted to bring about some reswiut this conflict and determine
whether the bilateral advantage may be attributadterhemispheric communication
or a race between competing stimuli. While thaldghed bilateral advantage for
famous faces (Mohr et al., 2002; Schweinbergel. e2@03) was observed, no similar
performance advantage was evident when both facm® wresented centrally.
Positioning of faces within the visual array and merely the presence of additional
stimulus information on bilateral presentationsréiiére appears critical for the
bilateral advantage. Such findings were consetyuerierpreted as offering support
to a neurocognitive model. Although a neurocogaitimodel of the bilateral

advantage does also predict redundancy gains fdtipleucopies of meaningful
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stimuli presented anywhere in the visual systemhiMat al, 1996), the results seem
to suggest that presenting stimuli to both hemisghenay have an additional effect
on the phenomenon. The effect of redundancy otatenal stimulation was not

tested, however, this may be a result of bilatstiadulation igniting more widespread
cell assemblies compared with the stimulation df @nsingle hemisphere. Further

investigations in relation to this would clearly dfebenefit.

Another of the major arguments against race moctaises from the differentiation
in bilateral advantage observed between familiat anfamiliar faces (Mohr et al,
2002; Schweinberger et al, 2003). Indeed, thers m@ evidence of a bilateral
advantage being elicited by unfamiliar faces in exgeriment reported in this thesis.
Neurocognitive models suggest that familiar facey fmecome represented in learned
CAs spanning both hemispheres and the dual stiranlaf such TCAs underlies the
processing advantage observed in the bilateral rddga. It has therefore been
argued, and seems plausible, that if a race betteehemispheres is responsible for
producing the bilateral advantage then this showtddifferentiate between familiar
and unfamiliar stimuli. As CAs should only exist toncepts that have been learned,
bilateral stimulation will produce no facilitatidor previously unlearned stimuli such
as unfamiliar faces. Many aspects of a model ofibgheric interaction based on
TCAs are compelling. However, it is worth considgrithat the differentiation in
performance relating to the familiarity of facenstili may be grounded at a more
basic level. Specifically, an imbalance in theficifity of familiar and unfamiliar
decisions in relation to the task could offer ateralative explanation. Deciding
whether or not a face is familiar is a very diffgrgrocess compared with deciding if

it is unfamiliar. This may therefore impact on tpattern of results observed for
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unfamiliar faces. As a result an explanationhad bilateral advantage based on a
race between the hemispheres may then be appropirataddition, a lack of bilateral
advantage for the recognition of emotional expms$schweinberger et al, 2003) has
typically been interpreted as evidence that inteibpheric communication is
dependent upon the activation of concepts that baem acquired through learning.
However, it may again simply reflect a paradignmt tm@re evenly equates decisions

to stimuli.

This thesis applies a range of approaches to edtapieater understanding of the
nature and limitations of the identity informatitimat can be communicated cross-
hemispherically along with providing some insightgo the purpose of such
communication. Several lines of evidence were akthto indicate that both physical
and abstract aspects of identity can be transferieavas further suggested that the
cortical representations responsible for such boHation may be neurobiological
equivalents of FRUs. Mixing stimulus formats appeda have differential effects on
hemispheric collaboration dependent on the padraulethod of investigation. While
different images of the same identity resulted iweaker display of the bilateral
advantage in Experiment 4, further studies inv@wvimoss-domain, cross-image and
semantic associations did however appear to befrefit these different stimulus
modalities. This may be related to such representa activating different cortical
access routes (Koivsto & Revonsuo, 2003; Patel 8ligée 2007). Experiments
exploring the effect of task difficulty on interhepheric communication certainly
appeared to provide further evidence that this m@ythe case. There was little
indication that patterns of hemispheric communaatliffer significantly in relation

to the complexity of a task. Finally, furtherigists into the underlying mechanisms

205



of such results were obtained with support beirigretl to both a neurocognitive and
race-model framework. To help further elucidake @inderlying theory to account for
these findings it appears that further researcheguired into the effect of both
redundant unilateral and bilateral stimulation ahgb the decision making criterion.
In addition, it may have been beneficial to haweited the number of conditions in
several of the experiments in this thesis to ohly primary conditions of interest.
Specifically, several experiments contained mutiplcomparisons between
experimental conditions of which not all were ghgatformative of the process of
interhemispheric communication. Limiting the numis#d comparisons between
conditions may have provided a clearer insight itee mechanisms of
communication occurring. In addition, a secondampact of such a manipulation
may have been to improve performance accuracy. ekample, fewer experimental
conditions may have prevented participants fronobeng confused by the multiple
perceptual changes between conditions as well dagcireg the number of trials per
experiment to prevent fatigue. As stated abow®r @ccuracy was an issue for
several experiments in this thesis and therefoeatgr attempts to improve general
performance accuracy may have been beneficialgontierpretation of many results.
Finally, scope exists for further experimental istvgation into the nature of the
information that can be communicated cross-hemrsgadly and whether the cortical
representations proposed to be responsible for bieefits of interhemispheric
communication can indeed be likened to neurobickigequivalents of FRUs. For
example, further utilisation of the divided visuald priming paradigm applied in
Chapter 4 to explore within and across hemisphengastic priming, would provide
an interesting opportunity to determine the extdrdbstract identity information that

can be communicated between the hemispheres.
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APPENDIX A

Experiment 1: Results Table

. Accuracy Mean of Median
Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Left hemiface to LVF (L_LVF) 67.88% 2.30 891.63 23.10
Right hemiface to LVF (R_LVF) 69.10% 2.28 878.24 24.18
Left hemiface to RVF (L_RVF) 64.06% 2.91 938.33 28.99
S Right hemiface to RVF (R_RVF) 67.88% 2.13 854.01 20.23
3
[V
Left hemiface to LVF & RVAH
(L_BVF) 71.53% 2.04 849.26 23.18
Right hemiface to LVF & RVF
(R_BVF) 74.48% 2.44 849.57 24.33
Left  hemiface to LVF &
complimentary right hemiface to RYF
(LR_BVF) 76.56% 2.42 866.51 24.96
Right hemiface to LVF 4§
complimentary left hemiface to R{F
(RL_BVF) 68.75% 1.96 835.42 19.44
Left hemiface to LVF (L_LVF) 70.14% 2.87 975.61 26.59
Right hemiface to LVF (R_LVF) 69.97% 2.48 985.47 25.66
Left hemiface to RVF (L_RVF) 71.88% 3.12 966.43 24.63
g
g Right hemiface to RVF (R_RVF) 69.62% 3.15 979.60 27.43
3
<
=}
Left hemiface to LVF & RVH
(L_BVF) 69.79% 2.82 927.10 27.82
Right hemiface to LVF & RVF
(R_BVF) 68.06% 291 911.44 24.54
Left hemiface to LVF §
complimentary right hemiface to RYF
| . (] . . .
(LR_BVF) 67.71% 3.28 968.44 30.28
Right hemiface to LVF &
complimentary left hemiface to RYF
| . (] . . K
(RL_BVF) 67.36% 2.65 991.65 32.50
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Experiment 2: Results Table

s Accuracy Mean of Median
Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Upper half to LVF (upper_LVF) 78.91% 2.54 797.88 28.93
Upper half to RVF (upper_RVF) 75.00% 3.91 786.41 28.20
Lower half to LVF (lower_LVF) 44.53% 4.41 920.72 38.43
;2 Lower half to RVF (lower_RVF) 53.52% 4.38 942.78 40.15
§
L
Upper half to LVF & RVH
(upper_BVF) 78.13% 2.28 793.75 32.50
Lower half to LVF & RVH
(lower_BVF) 58.98% 3.70 853.94 23.77
Upper half to LVF & complimental
lower half to RVF (up/low_BVF) 81.64% 3.04 796.50 25.11
Lower half to LVF & complimentar]
upper half to RVF (low/up_BVF) 82.03% 2.54 823.53 35.00
Upper half to LVF (upper_LVF) 75.00% 2.61 897.19 35.50
Upper half to RVF (upper_RVF) 76.95% 3.26 925.47 39.43
Lower half to LVF (lower_LVF) 78.52% 2.79 893.66 30.56
8
E Lower half to RVF (lower_RVF) 76.17% 2.92 868.91 32.76
(s
€
S
Upper half to LVF & RVH
(upper_BVF) 76.17% 2.81 912.25 34.33
Lower half to LVF & RVH
(lower_BVF) 75.00% 3.61 916.88 43.61
Upper half to LVF & complimental
lower half to RVF (up/low_BVF) 74.22% 2.48 929.44 45.88
Lower half to LVF & complimental
upper half to RVF (low/up_BVF) 71.09% 3.69 926.63 42.05
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Experiment 3: Results Table

Accuracy

Mean of Median

Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
LVF (LVF) 67.07% 1.92 889.77 29.02
RVF (RVF) 72.84% 2.25 868.92 27.37
S Both visual fields, horizontal (BVF_iH) 75.96% 2.44 779.40 23.94
g
w
Upper visual field, (Upper_VF) 71.39% 2.78 875.15 30.86
Lower visual field, (Lowever_VF) 70.43% 3.15 906.75 31.26
Both visual fields, vertical (BVF_V) 68.75% 3.36 863.02 34.23
LVF (LVF) 81.73% 2.79 883.75 30.33
RVF (RVF) 80.53% 3.11 870.75 28.49
8
g Both visual fields, horizontal (BVF_H) 80.29% 3.08 840.87 21.48
<
€
>
Upper visual field, (Upper_VF) 75.96% 2.77 844.73 27.44
Lower visual field, (Lowever_VF) 74.04% 2.77 844.27 24.44
Both visual fields, vertical (BVF_V) 74.04% 3.04 888.63 27.62
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Experiment 4: Results Table

Accuracy

Mean of Median

Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Left visual field (LVF). 72.10% 2.26 849.80 30.11
2 Right visual field only (RVF). 72.99% 2.49 823.73 26.82
§
L
Identical images both visual fields,
(BVF_same) 79.02% 2.64 767.59 34.58
Different images of the same identity
to both visual fields, (BVF_diff) 79.69% 2.33 795.73 32.15
Left visual field (LVF). 73.88% 3.02 846.50 25.90
8
5 Right visual field only (RVF). 68.53% 3.14 820.82 24.08
<
€
>
Identical images both visual fields,
(BVF_same) 68.97% 2.94 850.43 28.65
Different images of the same identity
to both visual fields, (BVF_diff) 70.09% 2.70 805.50 28.11
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Experiment 5: Results Table

Accuracy

Mean of Median

Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Face, left visual field (LVF) 78.33% 2.95 797.65 30.28
Face, right visual field (RVF) 80.63% 2.46 778.92 26.47
g Face, left visual field & corresponding
E  [name, right visual field
w (BVF_face/name) 93.13% 1.60 680.77 21.34
Face, right  visual field 3
corresponding name, left visual fi¢ld
(BVF_name/face) 91.46% 2.06 725.60 25.32
Face, both visual fields (BVF_face) 83.33% 2.70 758.33 28.20
Face, left visual field (LVF) 79.58% 2.92 823.75 27.72
Face, right visual field (RVF) 78.96% 3.18 825.93 28.58
S
E Face, left visual field & correspondipg
8 name, right visual field
5 (BVF_face/name) 84.79% 2.96 845.52 33.34
Face, right visual field 4
corresponding name, left visual figld
(BVF_name/face) 82.50% 3.37 848.37 32.25
Face, both visual fields (BVF_face) 74.17% 2.87 789.20 28.12
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Experiment 6: Results Table

Accuracy

Mean of Median

Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Name, left visual field (LVF) 87.29% 2.85 764.32 25.54
2 Name, right visual field (RVF) 92.71% 1.50 710.70 21.35
§
L
Name, both visual fields (BVF_namg) 88.96% 2.22 699.02 21.85
Face, both visual fields (BVF_face) 86.25% 3.45 771.20 31.27
Name, left visual field (LVF) 90.42% 3.04 846.52 32.17
8
5 Name, right visual field (RVF) 92.08% 1.58 821.87 29.82
<
€
>
Name, both visual fields (BVF_namg) 92.71% 1.34 820.67 34.84
Face, both visual fields (BVF_face) 70.21% 3.01 842.72 34.87

227



Experiment 7: Results Table

. Accuracy Mean of Median
Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Prime LVF, Target LVF 70.12% 2.87 872.63 23.90
Prime LVF, Target RVF 63.67% 2.94 885.16 30.24
Prime RVF, Target RVF 67.77% 2.38 863.52 28.66
Prime RVF, Target LVF 68.95% 2.67 859.13 24.16
Unrpimed familiar LVF 57.03% 3.23 892.27 30.04
Unprimed familiar RVF 57.62% 2.93 917.42 31.48
Experiment 8: Results Table
. Accuracy Mean of Median
Condition (Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Prime LVF, Target LVF 76.56% 2.07 823.08 26.66
Prime LVF, Target RVF 71.61% 2.41 858.54 29.29
Prime RVF, Target RVF 71.35% 2.32 932.40 32.12
Prime RVF, Target LVF 71.61% 2.49 858.15 30.94
Unrpimed familiar LVF 55.73% 2.91 925.17 42.34
Unprimed familiar RVF 53.91% 3.01 906.13 32.60
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Experiment 9: Results Tables

Stage 1
Accuracy Mean of Median
(Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Within LVF 93.40% 1.81 651.58 24.82
E
S Within RVF 94.79% 1.72 620.63 23.09
3
o
-
Across, Face-Letters 96.18% 1.50 594.00 23.05
Across, Letters-Face 87.85% 2.13 612.94 19.91
Within LVF 68.75% 3.96 986.42 55.35
K
S Within RVF 72.57% 3.74 930.79 36.70
=
T
Across, Face-Letters 91.67% 2.70 805.50 34.93
Across, Letters-Face 87.15% 2.30 866.65 40.37
Stage 2
Accuracy Mean of Median
(Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Low Load Within 41.67% 4.41 1198.56 152.79
Low Load Across 40.97% 4.10 1106.92 95.72
High Load Within 41.84% 4.35 1093.69 76.66
High Load Across 41.32% 4.51 1129.97 104.02
New 69.32% 3.59 1004.25 52.78
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Stage 3

oy Snmae ST o
Low Load Within 88.38% 2.07 815.43 37.36
Low Load Across 84.55% 2.58 773.07 25.49
High Load Within 86.81% 2.50 773.08 30.17
High Load Across 87.50% 2.38 787.14 30.71
New 82.81% 2.34 798.75 24.23
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Experiment 10: Results Table

Accuracy Mean of Median
(Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Physical match, within LVF 82.68% 2.32 820.30 31.48
Identity match, within LVF 40.54% 2.72 972.75 46.98
Physical match, within RVF 78.04% 3.02 846.50 28.97
g Identity match, within RVF 40.18% 2.94 995.95 51.09
§
L
Physical match, across, LVF/RVF 84.64% 2.25 794.48 28.31
Identity match, across, LVF/RVF 41.43% 2.90 970.65 40.37
Physical match, across, RVF/LVF 80.18% 2.01 810.48 28.85
Identity match, across, RVF/LVF 45.36% 3.26 971.45 43.32
Physical match, within LVF 82.32% 3.13 781.38 25.17
Identity match, within LVF 54.64% 3.28 860.70 43.24
Physical match, within RVF 80.36% 3.36 815.88 29.13
8
E Identity match, within RVF 50.18% 2.88 867.43 30.58
(o
€
S
Physical match, across, LVF/RVF 84.82% 2.36 760.58 26.04
Identity match, across, LVF/RVF 51.96% 3.30 829.45 27.45
Physical match, across, RVF/LVF 84.46% 2.46 790.08 26.54
Identity match, across, RVF/LVF 59.11% 3.10 832.53 36.67
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Experiment 11: Results Table

Accuracy Mean of Median
(Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Physical match, within LVF 90.58% 1.97 779.34 34.69
Identity match, within LVF 61.36% 2.10 952.02 46.01
Physical match, within RVF 88.64% 2.22 781.43 28.56
S Identity match, within RVF 63.64% 2.99 939.18 37.96
&
w
Physical match, across, LVF/RVF 90.10% 1.50 759.09 36.07
Identity match, across, LVF/RVF 64.94% 2.08 966.86 55.86
Physical match, across, RVF/LVF 90.91% 2.42 781.59 30.12
Identity match, across, RVF/LVF 68.02% 2.85 939.36 46.38
Physical match, within LVF 89.12% 1.80 754.27 28.97
Identity match, within LVF 71.27% 1.77 860.75 35.73
Physical match, within RVF 90.26% 1.54 759.00 30.55
8
g Identity match, within RVF 70.29% 2.37 859.39 36.18
<
€
>
Physical match, across, LVF/RVF 88.15% 1.68 727.89 34.38
Identity match, across, LVF/RVF 74.84% 2.00 866.27 44.97
Physical match, across, RVF/LVF 87.01% 2.26 759.80 32.01
Identity match, across, RVF/LVF 72.08% 2.43 863.07 44.89
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Experiment 12: Results Table

PeromgeCarey  (SAGIEN e (SandaaErron)
Face-Face, LVF 61.34% 3.05 1138.81 49.35
Face-Face, RVF 65.74% 2.93 1118.75 41.29
Face-Flag, LVF 86.11% 2.63 1078.92 38.24
E Face-Flag, RVF 83.33% 2.21 1113.58 41.49
.§
Flag-Face, LVF 84.26% 2.75 1235.86 35.95
Flag-Face, RVF 81.48% 2.00 1198.08 35.41
Flag-Flag, LVF 92.13% 1.84 933.17 39.23
Flag-Flag, RVF 95.14% 1.69 870.31 36.14
Face-Face, LVF/RVF 64.81% 3.66 1130.72 55.11
Face-Face, RVF/LVF 72.92% 2.90 1128.19 38.70
Face-Flag, LVF/RVF 84.26% 1.95 1139.47 48.40
é Face-Flag, RVF/LVF 79.40% 2.39 1163.31 41.89
<
Flag-Face, LVF/RVF 82.41% 2.09 1248.11 41.24
Flag-Face, RVF/LVF 81.94% 2.08 1209.92 26.75
Flag-Flag, LVF/RVF 95.60% 1.60 879.28 50.04
Flag-Flag, RVF/LVF 96.30% 1.42 896.11 50.47

233



Experiment 13: Results Table

Accuracy Mean of Median
(Percentage Correct) (Standard Error) Reaction Time(ms) (Standard Error)
Face-Face, LVF 62.96% 2.75 1078.78 35.90
Face-Face, RVF 66.44% 3.22 1063.44 38.83
Face-Name, LVF 90.28% 231 1021.61 39.22
£ Face-Name, RVF 90.05% 1.39 1014.78 39.88
g
Name-Face, LVF 83.80% 2.47 1161.00 46.22
Name-Face, RVF 84.26% 1.98 1088.42 27.21
Name-Name, LVF 91.67% 2.43 1063.53 37.32
Name-Name, RVF 94.44% 1.17 1025.31 41.03
Face-Face, LVF/RVF 62.96% 3.35 1068.06 38.71
Face-Face, RVF/LVF 78.01% 2.56 1077.50 36.70
Face-Name, LVF/RVF 83.33% 2.65 1035.94 40.49
§ Face-Name, RVF/LVF 88.43% 2.47 1050.92 38.86
g
Name-Face, LVF/RVF 79.63% 3.90 1215.22 51.17
Name-Face, RVF/LVF 81.48% 2.96 1145.33 34.19
Name-Name, LVF/RVF 92.13% 2.38 1056.25 38.50
Name-Name, RVF/LVF 90.51% 2.35 1068.58 38.08

234



