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Abstract

Although there is a large literature on face redgm less is known about the process of face
matching, i.e., deciding whether two photographpiatethe same person. The research
described here examines viewers’ strategies fochmag faces, and addresses the issue of

which parts of a face are important for this task.

Consistent with previous research, several eyddtigexperiments demonstrated a bias to the
eye region when looking at faces. In some studlesre was a scanning strategy whereby
only one eye on each face was viewed (the leftagyéhe right face and the right eye on the
left face). However, viewing patterns and matchpegyformance could be influenced by
manipulating the way the face pair was presentetbugh face inversion, changing the

distance between the two faces and varying theutayo

There was a strong bias to look at the face onetidirst, and then to look at the face on the
right. A left visual field bias for individual f&s has been found in a number of previous
studies, but this is the first time it has beerorggd using pairs of faces in a matching task.
The bias to look first at the item on the left waso found when trying to match pairs of

similar line drawings of objects and thereforeas specific to face stimuli.

Finally, the experiments in this thesis suggest tha way face pairs are presented can

influence viewers’ accuracy on a matching taskwell as the way in which these faces are



viewed. This suggests that the layout of facesplir matching might be important in real

world settings, such as the attempt to identifynanals from security cameras.
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Chapter One

Face Matching and Eye Movements:
A General Introduction.



Introduction

Being able to determine whether two different images of a fae the same person is
extremely important for a variety of forensic and securisksafor example determining
whether the bearer of a passport owns it, matching criminalsiredpbn CCTV with
suspects, confirmation of identity when opening a bank account, or pfaaje when
buying restricted products such as alcohol. The issue of faahimgtis also extremely
important with the forthcoming implementation of ID cards, asnfl2010 every person
who applies for a passport will automatically receive an lid.c&he purpose of ID cards
iIs to reduce identity theft, fraud and illegal immigration; IRArds will contain a
photograph of a face, and may contain other biometric data sucliirageiprint or iris
scan. However, most organisations that will use ID cards sublards, the Royal Mail
and retailers will check whether the photograph on the card resemhigl person carrying
it and therefore ID cards will only be effective if people cacurately match the

photograph on an ID card to the person carrying it.

The aim of this thesis is to investigate how accurately pemgrieperform face matching
tasks; that is viewing two faces simultaneously and decidinghehéhey are the same
person. | use eye-tracking methods to investigate which featees to be viewed to
make an accurate decision and whether a particular viewirtggstres employed for the
matching task. Throughout the thesis the presentation of fare gra manipulated to
examine the influence this has on matching performance andethegistrategies whilst
conducting the task. The presentation manipulations will cover four tmames, although
there will be the ongoing theme of familiarity, and also fae#cin i.e. whether the faces

are the ‘same’ or ‘different’.



The first main theme will be face inversion, where the fagéisbe presented upside
down, as this has been shown to disrupt normal face processing (Yin, TBé%econd

theme involves presentation layout of face pairs and various maropslatie employed

such as; varying the distance between the faces when thagext®ysside, and presenting
the faces vertically one above the other, or misaligned. The theche focuses on
reducing the quality and information in the images by filtetimg faces to display only
low spatial frequency information, masking the eye regionseofabe and a matching task
using only the eye regions. The fourth theme investigates thepeal bias for face pairs
and examines whether this is present for other stimuli lBnekig the matching paradigm
to include pairs of objects. The aim of this chapter is to wevie research that has
employed face-matching tasks and examine the dissociation dretf#niliar and

unfamiliar face recognition and finally to review research thas employed eye

movement methodologies.

Face Matching

Determining whether two faces are the same person is quiteredif from face
recognition, with recognition there is memory component, whereas wdees fare
presented simultaneously matching uses perceptual processes. Hiheeyeoes seem to
be an influence of recognition, as the more familiar a facéésptore quickly it can be
matched (Clutterbuck & Johnson, 2002). There is a vast amount of regbatchas
explored how accurately we can match two different imagesfadeasimultaneously and
match one target face to an array of faces, to simulateeaip procedure. Studies that
presented pairs of faces simultaneously report when given dinenternal (eyes, nose
and mouth), or external features (forehead, chin and hair) ofea tacompare with a

whole face, reaction times were faster for the internalufea for familiar faces as



compared to unfamiliar faces, but for the external feature® thverre no significant
differences between the familiar and unfamiliar faces (gpuay, McWeeny, Flude, &
Ellis, 1985). This is congruent with face recognition research teported higher
identification rates of famous faces from internal versugreat features, whereas for
unfamiliar faces recognition performance was equivalent for tkernal and external

features (Ellis, Shepherd, & Davies, 1979).

Clutterbuck and Johnston (2002) extended the work of Young et al. (1985)pamtbde
that highly familiar faces can be matched more quickdytinoderately familiar faces, and
both are matched more quickly than unfamiliar faces. In anctioely they report that
famous faces can be matched more quickly than newly learnt aniliafafaces on their
internal features, although newly learnt faces were alsachmdt more quickly than
unfamiliar faces (Clutterbuck & Johnston, 2004). In a further stuldytetbuck and
Johnson (2005) reported that participants were faster at matcinigjaf faces than
unfamiliar faces, on internal features. Also responses for ‘smahgements for external
features for the familiar faces, were slower and morer egprone than the ‘same’
judgements for external features for unfamiliar, or newlynietaces. Another finding was
it was more advantageous to see previously unfamiliar fages/ mimes for a short
duration (ten presentations of 2 seconds) than for fewer longerotupagsentations (five

instances, for 4 seconds).

Bonner, Burton and Bruce (2003) also investigated how faces beconiérfaend
presented unfamiliar faces and conducted face-matching taskseenctimsecutive days.
They reported that as the faces became familiar thehimgtperformance for internal

features improved and became as proficient as matching fextemal features, whereas



performance for the external features remained constant. @#earch that supports the
shift to internal feature processing as faces becomeidmmids conducted by O’Donnell
and Bruce (2001). They presented novel faces via video for panti€ifmalearn, until they
could be correctly identified and then carried out a face-mate¢hsigwhere participants
had to decide if a pair of faces were the same or differéhe different pairs had one
original face and a face that had one feature which had been meadp(day. the eyes,
mouth, chin and hair). Performance for pairs where the eyes hadbered was greater
for the familiarised faces as compared to the unfamidiees, whilst familiarity appeared

to have no influence on noticing changes to the other features.

The advantage of matching the external features for unfarfatas has also been found
using a slightly different paradigm. Bruce et al., (1999) presemtiiget face that was
either a whole face, or a face that was masked to show onlyntinmal or external
features, and participants had to decide which face it matchedafrbbaface array (see
figure 1.1). The target face was always present in the 10af@ag. They reported that
matching performance for the external features (73 %) vggmfisantly more accurate

than matching when presented with the internal features (49 %).



Figure 1.1 An example of the stimuli used by Brucet al. (1999), using a whole target face, the
correct match is number 3.

In another experiment using the same paradigm Bruce et al. (b&89nted a whole
target face along with a 10-face array and participarddddecide if the face was present
in the array and if so which face it matched, the target ¥e&s only present on half the
trials. They reported that even when the faces were matohedgression and viewpoint,
a correct match was made only 70 % of the time, and this dedréamepression and
viewpoint were changed. They also reported that for approxiynat®l% of trials the
wrong person was picked and on about 20 % of trials the participaog)ly stated that
the person was not present. When the target face was absenhdrdéine up, participants
incorrectly chose a person on 30 % of trials. This shows that mgtplkiformance was

surprising low, and the images used were of a high quality, usengame lighting and



taken on the same day therefore there were no variations innddgeaastyle, the only

difference was the images were taken with different cameras.

Megreya and Burton (2006) also reported that matching targetttaee$s0-face array was
extremely error prone, with correct matches only made 70% aintiee They extended the
paradigm to present pairs of target faces and reported thatethised the accuracy to
match one the faces to a face from an array to 54 % ofntlee They also reported that
when the target pair was presented closer together this rfuirtigaired matching

performance (50 %) than when the pair was presented further 88%4}. (They suggest
that when face pairs are close together this impairs matgierformance to an array,
however the type of target image used might also influence pefme for recognition

and matching tasks.

Matching faces from a video clip to an array can also beemely error prone.
Henderson, Bruce and Burton (2001) showed participants a mock bank raidwawit
actors posing as robbers. They then presented participants witB-tace arrays, each
array contained a still image of the robber and similar distrdaces. They reported that
robber 1 was only correctly matched 26% of the time and robber 2nvisasnatched 31%
of the time. In a second experiment to place fewer demands on meradigipants were
shown a still photograph of each robber in place of the CCTV imagbdst
simultaneously being presented with the corresponding array.répested that for robber
2 there was a significant increase in correct matches (t&%gver the matching rate for

robber 1 was still very poor (33 %).



In a further experiment, Henderson et al. (2001) asked participantattt the robbers
from the video footage to a pair of faces. The pairs alwaysiceu a photo of the robber
and another face that had previously been the one most confused, orreesbrdnfused
with the robber. They found that although matching performance weaslygmcreased,
accuracy still varied from 95 % to 65 % depending on the facegaibination. In a final
experiment a pair of static faces were presented, that eithier two different images of
the robber, or the robber and a similar distracter face. Evdnsinask performance for
some combinations was very error prone and accuracy rangedsémto 75 %. Overall
27.5 % of participants thought that the robber matched an imagditéér@nt person and
45 % of the time the two images of the robber were classtdoadifferent people. These
studies seem to show that even when presented with only two incagesnatching task,
performance for unfamiliar faces can be very error prone, edlyei€ithe faces appear to

be rather similar in appearance.

In a real life study that investigated whether introdugahgtographs onto credit cards
would reduce credit card fraud, cashiers in a supermarket esezltto see if they were
able to match the photograph on a credit card to the cardholder (Remp]l, & Pike,
1997). The results reported that over 50 % of the time fraudulent cardsaacepted. This
study suggested that producing credit cards with a photograph would cegsaely
reduce credit card fraud, as cashiers could not accurately npegtcple to their
photographs. This has huge implications for the advent of ID cardsa@sears that most
people will be unable to accurately match the person carryingatigeto the photograph
on the card. However, is unfamiliar face matching so error proaeaddifferences in the
quality/resolution between two different images, or are wegost at matching faces per

se?



In another study the quality of the photographic images was mateduto investigate
whether this would influence matching performance. The premisg¢hatsace matching
performance could be error prone due to discrepancy between imdigg fpracxample,
when the police try to match live suspects to low quality image€CTV. Liu, Seetzen,
Burton, and Chaudhuri (2003) presented faces that were either high quatigs, or poor
quality images (congruent), or a combination of both (incongrueatlexamine the
influence on matching performance. They found that matching penficemavas
sometimes enhanced when images were incongruent, as partic\yanés more
conservative in their responses. They suggested that if one of #yesnihas a poor
resolution that identification is more likely if the other irragas a higher resolution.
However there is another issue that should be noted, unlike Bruc¢1&x9®) they did not
use faces that were rated as looking similar to one anathére matching task, but faces
were paired randomly and therefore their task may hage basier due the faces looking
less similar to one another. This study reported there was noticeduic matching
performance when images of different resolutions were used fatehing task, and in
some circumstances using two dynamic images was worsesthi@an images, when the
video was low quality. This raises the question of how well can pgmgform a matching

task when shown moving or static images?

Processing moving and static images of faces.

A number of studies have investigated whether presenting statimoving images
influences how well participants perform face matching and rettog tasks. Bruce et al.
(1999) presented a target face that was either a statgejnoat a video clip that was
displayed either for a limited time (5 seconds), or an unlimiteé period, along with a

10-face array. In the unlimited condition participants were alfowerewind, pause and



replay the clip until they felt confident about their decision. Thegorted that for the
unlimited condition participants correctly matched the target 78 of the time, whilst
the hit rate for the static images (68 %) and limited video (pWweébe significantly less.
Pike, Kemp, Towell and Phillips (1997) also found an advantage fordéaognition when
participants were shown moving images in the learning phasengsared to single static

images and a sequence of static images showing differing viewpointaa#.a f

However, not all studies have found a beneficial effect of movirgé® of faces. Bonner,
Burton and Bruce (2003) reported that faces could be learnt equally well from e»atigm
and static images. Christie and Bruce (1998) also found no advantagedying moving
images of faces, as compared to static images prioraoagmition test. The majority of
studies that used unfamiliar faces, have found no advantage for gnowages, as
compared to static ones, however there does seem to be some ethdentavement can
facilitate familiar face recognition. Advantages of movingages of famous faces have
been found for repetition priming studies (Lander & Bruce, 2004) dmehvimages are
degraded (Lander & Bruce, 2000; Lander, Bruce, & Hill, 2001). This sé¢erahow that
moving images should be beneficial for recognising facesatieaalready familiar, but not
necessarily those that are unfamiliar. These studies and #y\@riether studies seem to
suggest that familiar and unfamiliar faces maybe processdifferent ways and this next

section will explore this issue.

The dissociation between familiar and unfamiliaref@rocessing.

Face recognition research has reported that memory for familes isignificantly better

than unfamiliar faces, even if the name of the person cannot beveeltr{(Klatzky &

10



Forrest, 1984). Familiar faces can also be recognised from changgzéssion and view-
point. When presented with a series of familiar and unfamilieesfaand then different
images of those faces with variations in expression and viewposppnses for the
unfamiliar faces are significantly less accurate, whereas respfumdamiliar faces remain
unaffected by these manipulations (Bruce, 1982). As mentioned previtiesty is also
evidence that different facial features maybe important depemdinghether the face is
familiar or unfamiliar (Bonner, Burton & Bruce, 2003; Clutterbuck & Johnston, 2005; Ell

et al, 1979; Young et al., 1985).

Familiar faces can also be recognised from low quality videdafe. Burton, Wilson,
Cowan and Bruce (1999) presented CCTV footage of lecturers watkimg building to
participants who were either familiar with the targets nfrthe same department), or
unfamiliar with the targets. They then showed the participas¢sias of high quality stills
and the task was to rate each photograph as having previouslyeappetre video clip.
They reported a marked benefit for participants who were famiigh the targets,

whereas those who were unfamiliar with the targets performed very poorly.

Bruce, Henderson, Newman and Burton (2001) also found a benefit of fagidren
matching a person from CCTV footage to high quality photographsy presented
participants with three types of target stimuli; a video digstill image, or 3 different
images from the video clip. They were also shown a static phototraplvas either the
same as the target or a similar distracter, and theirtaskio decide if both depicted the
same person. Half the participants were familiar with thgetarand half were unfamiliar
with the targets. Participants who were familiar with theydts made highly accurate

responses, whereas those unfamiliar with the targets performethaecurately. Another
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study also reported the benefit of familiarity using a faggching task. Megreya and
Burton (2006) presented unfamiliar faces and faces that had beeradiaedl through the
presentation of video clips, along with a 10 face array. They expamfamiliar face
matching accuracy was 74 %, whereas matching familiaasfagas significantly more

accurate at 88 %.

Neuro-imaging studies have also reported differences in activébiorfamiliar and
unfamiliar faces. Begleiter, Porjesz and Wang (1995) foundrdiices in ERPs between
recognition of familiar and unfamiliar faces. There have algm veported differences in
activation during PET scans for familiar and unfamiliar $a¢@ubois et al., 1999). A
behavioural study investigating hemispheric co-operation reporteghl, but significant
effect of inter-hemisphere cooperation for familiar, but not urlffamiaces (Mohr,

Landgrebe, & Schweinberger, 2002).

The studies described so far, seem to support the view thatafaamid unfamiliar faces
are processed differently. It has been suggested that umfiafaitie processing does not
engage face perception processes, but employs processing kmor® dahat used for
processing visual patterns (Hancock, Bruce, & Burton, 2000). There denee from
neurological research which proposes that familiar and unfanfdc®e processing may
involve different brain mechanisms (Benton, 1980). Malone, Morris, Kay Lawih
(1982) report two cases of prosopagnosia (an impairment in facesgiragability). In one
case the person could recognise familiar faces, but could noh teedcunfamiliar faces.
Whereas the other case was unable to recognise families, faat was able to match
unfamiliar faces. If familiar faces are processed dbfidy to unfamiliar faces then are

they also viewed differently when carrying out a recognitemk® The next section will be
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a brief review of eye movement research followed by a rewvieliterature that has used

eye movement methods to investigate face recognition and matching.

Eye movement Research

The purpose of this section is to describe a few studies that hadeeye movement
measures. As there is a vast amount of research within thisary selected topics and
publications will be covered as a detailed review of the relseéstmeyond the scope of this
chapter. Eye movements have been used to investigate a varieskyfdach as reading
text and music, visual search and scene perception (for a reviearlgfresearch see
Rayner, 1998). With the advent of more wearable systems, eye trackimydsibave been
used to investigate where people look when driving, flying a @adecarrying out every

day tasks (for a review of more recent literature see Duchowski, 2002).

When we look at text, scenes or objects, visual acuity is best at the poxatimifiand the
visual system exploits this by actively controlling gaze teedi fixations towards
important regions and in real time. The high quality visual infolonais acquired from
only a limited spatial region surrounding the centre of gaze f(ithea) and resolution
declines in regions beyond this area (Para fovea and peripheigl &g movement
measures, that is investigating where people fixate, can infmas to what visual
information is important when carrying out a particular task arrev people are
attending, although it should also be noted that attention can soméenugerted away

from a where a person is looking (Posner, 1980).
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What we have learnt so far from eye movement research is ighding English, fixations
last about 200-250ms and the mean saccade size is 7-9 letwrsep movements are
influenced by the quality of print, line length and text spacing and when textibsanore
difficult to read, fixation lengths are increased and sactagths decreased. Although
most saccades are made from left to right for English, &pproximately 10-15% of
saccades are regressions (right to left movements) thegdencarried out if the reader
has made too long a saccade, or did not understand the text andonmeedsatl it (Rayner,
1998). Eye movements for reading appear to follow clear pattegadef to right and top
to bottom for English, or right to left for Arabic and Hebrew, howeliere appears to be

no specific strategies for viewing scenes (Duchowski, 2002).

According to Henderson (2003) eye movements are important foarcbgey scene
perception for at least three reasons. Firstly, vision is aneaptocess where the viewer
seeks out task relevant stimuli and eye movements are essentacquire visual
information when conducting a complex visual task. Secondly, atiattglays a central
role in visual and cognitive processing, using eye movements canirhalptigate
attentional processes. Thirdly, eye movements provide an unobtrusive melaseire of
visual and cognitive processing. By using eye movement measstesild be possible to
determine what specific visual information is needed for certeskstand if people use

clear patterns of viewing strategies.

Early eye movement research by Buswell (1935) investigated howokeat pictures and
scenes found that if a human figure was present it would recedp®rtiopnately more
fixations than other objects (cited in Findlay and Gilchrist, 2003).rQ#search by Loftus

and Mackworth (1978) reported that when presented with a scenejpaats looked
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initially and for longer at objects that contextually did not fit into the s¢erg. an octopus

on a farm) as compared to objects that would be predicted to be in the scemadi@igon

a farm). Loftus and Mackworth (1978) suggested that objectsaerse could be analysed
in relation to scene context and also to a high level using peaiphsion. However more

recent research by Henderson and Hollingworth (1999) and Holling\wad Henderson

(1998) failed to replicate Loftus and Mackworth’s results.

Eye movement research that has investigated how we perfoual wsarches also has
found different results from the early to more recent rese&talton and Stark (1971)
seemed to suggest that viewing was a serial process, whmoga recent research reports
that searching for specific items can be carried out ialled(Findlay, 1997). Differences
between viewing patterns for reading, visual search oresgerception could relate to the
tasks themselves. In reading experiments the task is yisagplarent, however when
shown an array, or a scene, participants must be given a spasKi@and according to
Yarbus (1967) viewing behaviour and eye movements can change aianfur the task

given (cited in Duchowski, 2002).

Eye movement measures have also been employed within a changedslipdradigm,
where a scene is shown and an object within the scene isechang participants are
asked to report what the change was. O'Regan, Deubel, QtariRensink (2000) found
that when participants were directly fixating on the changeectbijhey were more likely
to detect a change, however 40 % of the time when they werdlylifixating at the
changed location (within 1°), they still failed to see the champes led O’Regan et al.
(2000) to suggest that looking at something does not neceggaaiigntee that you can see

it. In addition Henderson and Hollingworth (1999b) found that changes were mdyedike
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be noticed if they occurred at the location to which a saccadedivected, than at the

location of its launch.

Most of the research mentioned so far has used eye movementsxpesimental setting,
however with the advent of new mobile eye trackers it is alsaljpes® measure eye
movements whilst carrying out motor tasks and compare how exmertsovices perform
tasks to improve training. Eye movement measures have been emygayedpare where
novices and experienced drivers look whilst driving (Crundall, Underw&ddhapman,
1999; Underwood, Chapman, Bowden, & Crundall, 2002; Underwood, Chapman,
Brocklehurst, Underwood, & Crundall, 2003), where the police look wherhighaspeed
pursuit (Crundall, Chapman, Phelps, & Underwood, 2003) and where pilots look when
landing a plane (Anders 2001, cited in Duchowski, 2002). Everyday tasksalsavbeen
investigated using eye movements, such as; making a cup ahdeaaking a sandwich
(Land & Hayhoe, 2001). This research has shown us that evenKksitias$ are automated
and involve little conscious awareness the eyes closely monitor segr of the process.
Land and Hayhoe (2001) argue that the eyes provide information on aeedsd’ basis

and the relevant eye movements usually precede a motor action by a fraetieecohd.

All the research described so far has shown how important stuelygnghovements are to
learn where we look whilst carrying out various tasks, evemwiney are automated and
not under conscious control. The next section explores eye movemens shatidnave
investigated how we look at individual faces for recognition asd labw we view pairs of

faces for a matching task.
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Eye movements and Face Processing.

The early eye-tracking research using face stimuli edntn the theory discovering
“scanpaths”. Norton and Stark (1971) defined a scanpath epétitive sequence of eye
movements Scanpaths can be described as a fixed pattern of eye mogethantare
established in the learning phase of stimulus presentation andrepeated in the
recognition phase. Norton and Stark (1971) also state that an indimdkak an internal
representation of a picture or a ‘feature ring’, which consists of the vismabmeraces of
the image and the motor memory traces of the saccades (eymemsgthat make up the
scanpath. These experiments used line drawings of faces tlehatevery realistic (see
figure 1.2), and therefore the faces may not have been processedntieeway as
photographic images of faces (Bruce, Hanna, Dench, Healey and BL@#&#), however

some research has used photographic images of faces.

|
Ky

|1

|

Figure 1.2 An example stimulus and eye movementsaim Norton & Stark (1971)

Walker-Smith, Gale and Findlay (1977) investigated the scanpath hypotheégiseaented
participants with a target face and then four faces consecutittedy, had to decide
whether these additional faces were the same as the facgel hey reported that instead
of using all the available time to view all areas of thensli, participants’ fixations

returned to areas they had already viewed. Also when participamisiced the same
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sequences of fixations, e.g. left eye-right eye-nose, which tlieydsd in the study phase,
they also performed more accurately in the test phase. Howéigrfinding was not
statistically significant and participants did not always perfdhe same sequence of

fixations from study to test.

Walker-Smith, Gale and Findlay (1977) suggest that instead icfirgl scanpaths,
participants were using a feature comparison approach, whémep¥ixate on a particular
set of features (e.g. eyes and nose) during the study phaaganan these same features
when making a decision about whether the face is the same asetlpgeviously viewed.
They found that for all 3 participants the fixations were confinemtiypeentirely to the
eyes, nose and mouth regions in all trials. However, as they usedhla sample of
participants and stimuli (5 trials) their results should not be geeeralised. It is also
unclear if they used the same images in the study phasesasedin the test phase and if
this is the case then participants may have been carryingiootage match, rather than

identity match (Bruce, 1982).

Another study investigating face recognition using eye movenpeasented participants
with a series of faces and then one week later they pextbenrecognition task (Groner,
Walder and Groner, 1984). When viewing the face the most conmiptet sequence of
fixations was; left eye to right eye to left eye and weesa. This study also used a very
small sample of participants (7), although the stimuli setofasreasonable size (25 faces
in study and 50 for test). Another study also showed the importaribe efye region and
reported that when presented with a face, 43 % of the time waslgpkinty at the eyes
and 12 % of the time was spent looking at the mouth. The nos@nebhair received less

proportion of looking time (Janik, Wellens, Goldberg, & Dell'Osso, 1978).
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None of the research described so far has specifically inagsdigvhether familiar or
unfamiliar faces are viewed differently, however there is sewm@ence that faces that are
familiar are viewed in a different way to faces that aremifar. Luria and Strauss (1978)
presented participants with pictures of faces that were gitstive or in negative form
and then gave a recognition test for both types of faces. Their results foutie theation
patterns were different for negative and positive faces, witimtire fixations to external
features on the negative pictures, such as ears, chin, cheeks anhdhmead and fewer
to internal features, e.g. eyes, nose and mouth. They found that rtakateal with the
poorer recognition of the negative faces and concluded that theigzartec were not
performing their regular scanning strategies with the negdtices. This also seems to
lend support to the theory that we use the internal features whéacthés familiar and
when the face is unfamiliar we use the external and interaalrés equally (Ellis et al.,
1979; Young et al., 1985). However, it could also be argued that usieg tlaat were
negative images might not engage normal face recognitiongsesand previous research
has found these images more difficult to recognise than inverted {8ruce & Langton,

1994).

There is some additional evidence to support the assumption thabfdiates may be
viewed differently to unfamiliar faces, however this studgarted a high proportion of
fixations directed to the internal features of unfamiliar $a@es well as the familiar ones.
Althoff and Cohen (1999) investigated face recognition using eye movemag@ method
of indirectly investigating memory for faces. In this studyipgrants were presented with
famous and non-famous faces for 5 seconds, and had to make a fapragotdgr an
emotion judgement (happy or not happy), then two weeks latercdragd out whichever
task they had not done previously. They reported that the majofityatibns were to the

eyes, followed by the nose and then mouth. The famous faces tet®ner fixations to
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the mouth and more to the eyes, compared to the non-famous facgsal$teused
Markov transition matrices to calculate the extent to whightifons to particular regions
were constrained by the location of prior fixations. They repdidedhe fame task the
non-famous faces produced more fixations, with less symmetry, comsraint in the
transitions amongst the fixations, and to more regions of thetfeaethe famous faces. In
the emotion task, viewing of non famous faces also differed famnodis faces, but only in
that they produced more constrained and less symmetrical sasnpfitige regions of the
face. The conclusions drawn were that prior exposure to a face Gamiliarity can
change the way the face is viewed regardless of the tdskndt although the task may

itself also have an influence on the way a face is viewed.

In another study cited by Althoff et al., (1999), they investigatedther viewing patterns
changed as faces became familiar. Participants were pedseith previously unfamiliar
faces, either once, twice, three times or five times, whitmitoring their eye movements
and then given a recognition task. When patrticipants were giventtmely presentations
there were significant differences in the fixation pattér@sveen those faces compared to
completely novel faces. Repeated exposure produced fewer fixatideser regions of
the face and the face was viewed in a more feature dependaonhfasith the internal

features taking precedence.

There is also eye movement research with participants withreadp@cial processing who
show different viewing patterns for faces that were famdiad unfamiliar. Rizzo, Hurtig,
and Damasio (1987) reported that when participants with impaaraédl flearning were
repeatedly shown faces whilst their eye movements were monittren, scanning

strategies did not differ from normal control subjects. Additionatlyas found that the
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patients with the impaired facial processing produced differgmtn@ovements for faces
that should have been familiar (i.e. close family members proda individuals),
compared to those elicited from non familiar faces, although tould not consciously
recognise the faces. Althoff, Maciukenas and Cohen (1993) also fosindlar effect in
amnesic patients, who although could not consciously distinguish betl@e®us and
non-famous faces, produced eye movements that did distinguish beheegrottypes of

faces.

Not all eye movement research investigating face recograsrfound differences in how
familiar and unfamiliar faces are viewed. Stacey, Waled Underwood (2005)
presented familiar and unfamiliar faces for a recognitisk tand found that the majority
of gaze was to the internal features, e.g. eyes, nose and mouthg@d%here were no
significant differences in gaze for the familiar and unfaanilaces. In a second experiment
they measured eye movements for faces during a learning ahds® test phase. They
reported that again there were no significant differences ia gamternal features as a
function of familiarity. This study showed that there was mazedo the internal features
of faces regardless of familiarity, which does not support earlier oksteat suggested the
external features are more useful for processing unfarfalias (Ellis et al., 1979; Young

et al., 1985).

Henderson, Williams and Falk (2005) also found little evidence to supitheory that

familiar and unfamiliar faces are viewed in different waysohe study they presented
faces for a learning phase and either allowed participantseto the faces freely, or
restricted their eye movements, this was to investigate whetye movements are

functional for learning faces. Participants then performed @grefton task and it was
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reported that performance was significantly lower when eye mewestwere restricted
during learning (52.5 %), as compared to the free viewing condBbs3 06). They also
found that viewing patterns in the free viewing learning conditi@newery similar to
those in the test phase, overall the eyes received most pfdpertion of gaze (> .5),
followed by the nose and mouth. The other features (ears, chin, cheeksretmehd)

received very little gaze.

Henderson et al. (2005), however did find some slight differenceaze fyjom the free
viewing learning phase to the recognition phase. For the leapmage there was more
time spent looking at the ears, chin and forehead, as compatkd tecognition phase,
however in the recognition phase there was more time spent loakihg eyes and nose.
They suggest that this pattern supports Althoff and Cohen’s (1999)stioggthat eye
movements become more restricted during recognition than durimgnigar One point
that is important to note about the Henderson et al. (2005) study ithéhédces were
viewed for 10 seconds in the learning phase, whereas they wéyeviewed for
approximately 2 seconds in the recognition phase, therefore deyeddes in viewing

patterns could also relate to the differences in presentation duration of thke stim

Another study also found no differences in viewing patterns forlitanand unfamiliar
faces. Henderson, Williams and Falk (2005) presented faces farranig session that
were upright and inverted, and then participants performed a recogeiiorThey were
trying to investigate whether face inversion would produce differening patterns, as
research has shown that inverting a face can disrupt normaprfacessing (Yin, 1969).
They reported that the distribution of fixations over the faces weag similar with the

same features receiving the same proportion of total fixaioa in both the study and
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recognition phase. The eyes were the features that receivedoteamount of fixations
and over 50 % of the time was spent looking at the eyes, \lindisither features received
significantly less gaze. They also reported that inversioditii@deffect on the distribution
of fixations over the faces; the same features were vieweithdosame length of time in
both orientations. They suggest that their data does not suppdhiethrg that there is a
transition from global/holistic processing to local/featural pssing, because the viewing

patterns were very similar for both orientations.

There is some research that has found differences in viewirggnsatts a function of face
inversion and familiarity. Barton, Radcliffe, Cherkasova, Edelnrah Iatriligator (2006)
presented famous and non famous faces, which were morphed igvéegrees from one
identity to another (e.g. Julia Roberts/Demi Moore) and presenthdr aipright or
inverted. The participants’ task was to firstly make a fardgement, and then they were
shown an array of eight faces and had to decide which one wasrteeasdhat previously
presented. They reported that participants scanned novel facethamofamous faces and
that inverted faces were also scanned more than upright facesydrothe fixation
durations were very similar for all types of stimuli, thexggest the effect of scanning
comes from the total number of fixations, rather than their iduads gaze durations were
similar for all conditions. In contrast to Althoff and Cohen’s (1999ygtthey reported
that participants made more fixations to the eyes and nose regiongamiliar faces, as

compared to familiar faces.

Barton et al. (2006) also reported differences in viewing pattertige facial features as a
function of orientation, although the majority of fixations were madine eyes and nose,

followed by the mouth, brow, chin and cheeks. The inverted faces hadfixations to
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the mouth and chin, and fewer to the brow. There was also a preféoenchichever eye
was on the left of space, so the left eye in the upright conditidrtlee right eye in the
inverted condition, received more gaze than the adjacent eye. e&ms $0 suggest that

there was a bias towards the top and left side of space.

The left perceptual bias for faces has been found in a number ofstiickes that have
used eye movements. These studies report that when allowed to Vimglyaces, the
majority of first saccades are made to the left side ofabes and in many cases more
saccades are made to the left side (Butler et al., 2005kerButHarvey, 2005; Heath,
Rouhana, & Ghanem, 2005; Leonards & Scott-Samuel, 2005; Mertens, Siegmund, &
Grusser, 1993; Phillips & David, 1997b; Vaid & Singh, 1989). It is stilhpealebated
whether the left perceptual bias is due to the right hemisphgyerisrity for face
processing (Rhodes, 1985b), or a relates to a cultural bias featimgedirection (Heath,
Rouhana, & Ghanem, 2005; Vaid & Singh, 1989), this issue will be explordgeifurt

Chapter 5.

The majority of eye movement research described so famkiastigated how we view
individual faces; however there are two reported studies to ddtbahe presented two
faces simultaneously for a matching decision. Walker-Snitll, 1977) presented pairs
of faces vertically one above the other and asked participants ke mdsame’ or

‘different’ judgement. They reported that the majority of fimas were confined to the top
halves of the faces and suggested that the same featuredenfisated on each face

before a decision could be made.

24



In another more recent study familiar and unfamiliar facespagre presented side-by-
side, one was a full-face image and the other a three-quaiteryStacey et al, 2005).
The face was divided into two areas; the internal features(epse and mouth) and the
external features (chin, forehead, hair and ears). They repbeedver 92.5 % of the
time was spent looking at the internal features, howevee thhere some slight variations
according to familiarity and whether the faces matched. Falidafaces proportionately
more time was spent looking at the internal features (.96) frathe unfamiliar faces
(.92). When the two faces matched, proportionately more time peag fooking at the
internal features (.94), than when the faces mismatched (.91). Gthysckies seem to lend
some support to early research that reported the internal feaner@sore important for
familiar face processing (Ellis et al., 1979; Young et al., 198khough it does not
support the theory that the external features are important ahiliafaface processing

(Bruce et al., 1999).

There are still a variety of questions that previous researcidtafully answered; for
example which internal features are important for face magehiDo viewers use a
specific viewing strategy when carrying out a matching t&#@s manipulating the way
the face pairs are presented change matching performancef anddpes this also

influence viewing strategies?

Structure of this thesis

The aim of this thesis is to investigate how well viewersazary out a face matching task

when the face pairs are manipulated during presentation. Anotheis @imdetermine

whether participants use a specific viewing strategy whewiogrout a simultaneous face
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matching task and if the viewing pattern changes if the ptasen of a face pair is
manipulated. There are some main themes that will be explored anc damiliarity,

whether familiar faces are viewed differently to unfamifeces. Another is face match;
are two faces that are the same person viewed in the sageaw two faces that are
different people? There are also the various manipulations oateephirs that will now

be explained in more detalil.

Chapter 2 focuses on the face inversion effect, in Experiment l& sipdght and inverted
familiar and unfamiliar faces are presented for a famijfigask. In Experiments 2 & 3,
pairs of familiar and unfamiliar faces are presented for &hirg task and participants
have to decide whether they are the same person. Experiment idargesal images for

the same identities, whereas Experiment 3 uses two different images afngh@arson.

Chapter 3 investigates whether the layout of the face pair mffuence matching

performance and also the way the faces are viewed. Experdhmaetsents faces side by
side and manipulates the distance between the faces, so thathareclose together or
further apart. Experiment 5 places the faces vertically oneeath@vother, or misaligned,

so that either the left or the right face is higher than the other face.

Chapter 4 investigates how well participants can accuratatghniaces when some of the
visual information is unclear, or missing. Experiment 6 predawces that are filtered to
contain only low spatial frequency information, and compares this tching normal or

full bandwidth images. Experiment 7 masks the eye regions daties to investigate the

influence this has on face matching and whether the participamestbdook at other
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facial features to make an accurate decision. Experiment &uokethe eye regions for a
matching task, to investigate how well participants can déternvhether these isolated

features are the same person.

The final experimental chapter will involve investigating thecpptual bias for face pairs
and whether participants are drawn to look at the face onftlrer ke right first. This will
entail a re-analysis of the data from Experiments 3, 4 and 6xanaree the location of the
first fixation (left face/right face). The matching paradigvill also be extended to include
pairs of similar looking objects, to determine whether thel@as to look initially at the

object on the left or right side.
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Chapter Two

Is the Face Inversion Effect reflected In
Eye Movements Patterns?
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Introduction

As the preceding chapter has shown we are very good at rangdaises that are familiar
when they are upright, however when a face is inverted so thatgside down our ability
to recognise it is greatly impaired. The aim of this chajgtdo investigate how people
look at upright and inverted faces for recognition and matchiege&ch has shown that
visual stimuli that are usually shown in one particular orientatiech s handwriting or
maps, are more difficult to recognise when inverted (Rock, 1974). Howéwen faces are
inverted, recognition is disproportionately impaired as compared to iotrexted objects
such as; houses, landscapes, aeroplanes, stick figures and evenafraéags (Diamond
& Carey, 1986; Scapinello & Yarmey, 1970; Yin, 1969). As a result ofghé&iomenon
the Face Inversion Effect (FIE) has been the source of numstodes (see Bartlett,
Searcy & Abdi, 2003; Valentine, 1988) and a variety of explanations hasen aio

account for why we find inverted faces so difficult to process and recognise.

Explanations for the Face Inversion Effect

The different accounts for the Face Inversion Effect (FIE) in¢lirdeing to mentally
rotate the facial features one at a time for recognition (Rb@k4), an inability to judge
facial expressions from inverted faces (Yin, 1969), and that inversipainis face
perception by adding noise to the encoding process (Valentine, 1988). The most
accepted explanation for the FIE and with the greatest amouwidehee, is that faces are
processed holistically or/and configurally when they are uprighgr@as when they are
inverted they are processed more analytically or in a piederf@shion. Holistic
processing involves processing the face as a unified whole, th#imeits constituent parts

(Farah, Tanaka, & Drain, 1995; Farah, Wilson, Drain, & Tanaka, 1995; FarégnyV
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Drain, & Tanaka, 1998; Tanaka & Farah, 1993, 2003), and configural prag@ssiives
coding the spatial relationship between the features, as wéfleafeatures themselves.
Bruce and Humphreys (1994) state “it seems to be difficult or isiplesto code a

particular feature independently without the influence of other features” (p152).

Diamond and Carey (1986) suggest that faces contain two typetdnal information;
first order relationships and second order relationships. The formveivés spatial
information between the constituent parts of an object e.g. theabge® the nose, this
defines the object as a face. The second order relations involspatiéc spatial relations
of the features with respect to a prototype. When we become®ap@rocessing specific
visual objects we use this type of information, therefore daegrto Diamond and Carey
(1986) faces are just visual objects that we have developed amisxpar. This view was
supported by a study where they reported that inverted pictucegyefimpaired dog breed
recognition, but only for dog experts (Diamond & Carey, 1986). Howmae recent
research using dog experts reported a smaller inversion éffiednages of dogs, as
compared to image of faces and the conclusion was that facesgimgcés not simply
expertise in object processing (Robbins & McKone, 2007). Although DiarmoddCarey
(1986) and Robbins & McKone (2003) studies appear to oppose one another, they bott

emphasise the role of configural processing for upright faces.

It appears that holistic and configural processing must be soatewslated, although
configural processing does not necessarily have to be holisidt, naany studies
investigating the FIE have supported both types of processindetBaBearcy, & Abdi,
2003). Studies that support holistic processing of faces have shownhématupright and

inverted faces are learnt and then either whole or part fagesead as test items, subjects
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perform less accurately for upright part faces, whereasni@mrted faces there is no
difference if the test stimuli are whole or part facean@ka & Farah, 1993, 2003).
However, according to Leder and Bruce (2000) these studies do nosardgasile out
the possibility “...that relational information, rather than ‘holistidormation is crucial of

face recognition” p516

There is a vast amount of research that supports the view teatdeognition involves
configural processing and that inversion somehow disrupts thiofyp®cessing. Young,
Hellawell and Hay (1987) compared naming rates for compasitesf created by joining
the top half of one face to the bottom half of a different face,nrmmdcomposite faces
where the two halves of the different faces were misaligeee figure 2.1). They found
reaction times were significantly slower for the composate$, as compared to the non
composite faces and suggested that the new facial confmurafi the composites
interfered with the identification of the constituent parts. Howevieen the faces were
inverted so that they were upside down, there was no differencectioreimes for the
top and bottom halves of the inverted composite and non composite faces. This vess seen
showing that the configural information was not interferinghvigdientification of inverted

faces.
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Figure 2.1. An example of the composite and non cgosite faces, the top halve of the face is David
Beckham and the bottom half is Gary Lineker.

Another study supporting the configural processing account foréaognition found that
when the eyes and mouth of faces were inverted the faces lookedqye when they
were upright, however when the faces were inverted the grotesquiisagpeared, see

figure 2.2. This effect became known as the Thatcher lllusion.

Figure 2.2 An example of the Thatcher illusion.
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More recent studies have tried to focus on the specific information that is lost when fa
are inverted. When faces are learnt featurally i.e. more by the sefeatatres (e.g. hair
colour, or eye colour) inversion does not seem to affect performance, but iffaces a
recognised by configural information (e.g. distance between the eyes a&)dnvession

significantly impairs recognition (Farah, Tanaka, & Drain, 1995; Leder &&r2000).

Face-matching tasks also support the different processing meaisaemployed for upright
and inverted faces. If a discrepancy between a pair of facetated to a spatial distortion by
moving the features (e.g. the mouth or eyes up or down), inversion impairs matchirandecis
however when variations are due to featural distortion (blackerktty or discolouring the
eyes), then inversion does not impair matching performance (Fteiee & Symons, 2000;
Searcy & Bartlett, 1996). Friere et al. (2000) found matching decidmmgonfigurally
changed faces were 88 % in the upright condition and 55 % whewéneyinverted, however
Searcy and Bartlett (1996) found subjects had an accuracy rate%ff@0the inverted and
92 % for upright faces. The difference in performance betweee tine studies could relate
to differences in the stimuli sets they used. Friere €2@00) used a stimuli set derived from
one face that was slightly altered eight times (e.g. noseoathhnmoved 3 pixels up or down
etc.) and was therefore rather homogenous. Whereas Searcy arett Bh996) used 24
different identities and made larger changes in the distagteeen features and their stimulus

set was therefore more diverse.

In a similar study Murray, Yong and Rhodes (2000) changed faces &tifeggurally making
them ‘thatcherised’ or featurally (blackening the teeth oremiilg the eyes) and then rotated

the faces from O degrees to 180 degrees. They asked participardate the faces for
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bizarreness on a 7 point scale and found that the configurédisec faces had reduced
bizarreness as they were rotated, but the featurallyedlfeces did not. They claim that the
shift in processing from configural to featural (analytigapcessing appeared to occur at
about 90-100 degrees. Sturzel and Spillman (2000) also found that ‘tisedhé&aces loose

their grotesqueness after being rotated about 100 degrees. Tiise seem to show that
there is a shift in processing from configural to analyfprakcessing after rotation of 90-100

degrees.

Overall these studies appear to show that faces are prockeeshtly from other types
of visual objects and that inversion can impair face processompgionately more than
other visual objects. Does this however mean that the brain procgsggg and inverted

faces differently, and are different regions used for faces as cedngaother objects?

Neurological studies of FIE

There is evidence from neurological studies that faces and ®lnjegtbe processed using
different brain regions. People with a neurological impairmel¢dtarosopagnosia are
unable to recognise familiar faces and usually do poorly on éaognition tasks, whereas
people with visual agnosia have impairments in recognising sbjécit not usually
familiar faces. One study with a person with prosopagnosia foundrhatface matching
task he performed better with inverted faces, as compared ghufaces (Farah, Wilson,
Drain, & Tanaka, 1995). There are other studies that have found people with
prosopagnosia seem to process inverted faces more easily tigint tgres (Behrmann,
Avidan, Margotta, & Kimchi, 2005; De Gelder, Bachoud-Levi, & Degos, 1998GBlder

& Rouw, 2000; Le, Raufaste, & Dermonet, 2003). However, not all prgeogeacs have
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superior processing for inverted faces, some show no significaetatiffes in processing
upright and inverted faces (Boutsen & Humphreys, 2002; Delvenne, SeroetteC

Rossion, 2004).

More evidence for the different processing mechanisms for upaigtitinverted faces
comes from a study of a person called CK with visual agnogiav&s impaired at object
recognition and reading, but could recognise familiar facdsowgh he was much worse
at recognising inverted faces as compared to control sub]otsc@vitch, Winocur, &

Behrmann, 1997). This seems to suggest that inverted faces eesga® more like other

visual objects, whereas upright faces are processed differently.

Neuro-imaging studies of the FIE.

There is also evidence from neuro-imaging research that umrghtinverted faces are
processed in different ways, (Rossion & Gauthier, 2002). Some fMRBikesthave found
when viewing inverted faces there was a decrease in activitithe fusiform face area
(FFA), an area of the brain area known to be involved in face and qigentption
(Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999; Haxby et al., 1998iJst another
brain area known to be involved in scene and object perception the parahippbpkoe
area (PPA), had greater activation for inverted faces as cethp@aupright faces (Haxby
et al., 1999). These studies seem to suggest that invertedafacesocessed more like
objects, as they activate brain areas usually associated wébt qgigrception, this also
supports the use of configural processing for faces and analytamassing for inverted

faces as analytical processing is thought to be used for ofpstts, although some
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researchers believe that both analytical and holistic repréiseistare used for object

recognition (Hummel, 2003).

Eye movement studies of the FIE

Although there have been a variety of behavioural and neuro-imagidges that have
explored the FIE there are very few eye movements studiesabatinvestigated whether
upright and inverted faces are viewed differently. Studies thatussadupright faces have
found that the internal features generally receive more garethe external ones (Althoff
et al., 1999; Luria & Strauss, 1978; Stacey, Walker, & Underwood, 200%eWainith,

Gale, & Findlay, 1977) and that the eyes in particular appeacéo/ecthe most amount of

gaze (Henderson et al., 2001; Janik, Wellens, Goldberg, & Dell'Osso, 1978).

Eye movement research investigating the FIE has not alpragsiced consistent results.
Henderson et al., (2001) presented upright faces during a study phaketlanadverted
and upright faces for the test phase. They found that although penfeemas poorer for
the inverted faces, there were no significant differences atidix locations as a function
of face orientation. They claim that the eye gaze data doesuppbrs a transition from
configural processing to featural processing as a functiomwarsion. However, Le,
Raufaste and Dermonet (2003) found that viewing patterns varied betyweght and
inverted faces, and the upright faces received significantly fr@gons than those that
were inverted. Gallay, Baudouin, Durand, Lemoine and Lecuyer (2006) fbahahfants
explored upright and inverted faces differently, with more gazéntbenal features (eyes,
nose and mouth) of upright faces as compared to inverted faces (@3s%s 51.8 %).

Infants also looked longer at the nose and mouth of upright facedtlamdgh it appeared
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that the eye region received more gaze in the inverted fdgeswas found not to be
statistically significant. When the faces were invertedritd looked mainly at the eyes and

for longer at the external features.

Another study using adults also found that viewing patterns variegpfagyht and inverted

faces. Barton et al. (2006) presented upright and inverted facasfdane judgement and
then presented participants with an 8-face array from which iparis had to decide
which face had been previously presented. They reported that theethferes had more
fixations to the lower parts of the face (mouth and chin) and #reses were also looked
at for longer, whereas the upright faces had more gaze tgppes parts of the face (brow
and eyes). They also report that there was a bias for ththalyavas on the left side of
space; the left eye in the upright condition and the right eye inntlegted condition.

These results seem to suggest that there was an overdt wa& at the top half of space,

and towards the left, regardless of inversion.

In this chapter | will be exploring whether inverting a fabarges the way it is viewed.
The aim is to discover if changes in perceptual processing sjctoafigural for the
upright faces, and featural for inverted faces, reflect diffeveaving strategies when
either recognizing, or discriminating between faces. Tts¢ &kperiment is a familiarity
task and the second and the third experiments both involve face-ngatd¢binall

experiments accuracy and eye tracking data were analysed.
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Experiment 1

In the first experiment the aim was to investigate how upright iaverted faces were
viewed for a recognition task, as it is well known that invgrtfaces makes them
particularly difficult to recognise (Scapinello & Yarmey, 19¥i, 1969), and it has been
suggested that this is because viewers do not use ‘configur&blatic’ processing for
inverted faces (Farah, Tanaka & Drain, 1995). If inversion leads dce rfeatural
processing, this may be observable in the scanning strateg@ésoyssubjects trying to

recognise the faces.

There are a variety of studies that have used eye movement ese#simvestigate how
upright faces are viewed and from them we know that the intkzaialres seem to be very
important (Stacey et al, 2005) and the eyes are also importandl€iéen, et al., 2001;
Henderson et al., 2005; Janik et al., 1978). One study found the most freggeences of

fixations when viewing a face was the left eye-right efedye and vice versa (Groner,
Walder, & Groner, 1984). However eye movement research usindgadvaces has been
less consistent, some studies have found differences in viewirggngafor upright and

inverted faces (Barton et al., 2006; Le et al., 2003: Gallay et al, d@8kas others have

not (Henderson et al., 2001).

Another issue that will be investigated is whether there dferelices in the gaze to
features of familiar and unfamiliar faces, as half the dJaedl be familiar and half
unfamiliar. Some previous studies have found differences in howidaraind unfamiliar
faces are viewed. Luria and Strauss (1978) found that when facesegegnized there

were more fixations to the internal features (eyes, nose & mautigreas when the faces

38



were not recognized there were more fixations to the extéaalres (ears, chin and top
of head). Other research found familiar faces receive nsyraraetrical fixations patterns,
with more fixations to the eyes and less to the nose and mouth @ahpaunfamiliar
faces (Althoff & Cohen, 1999). However some research found no differemegswing
patterns for newly learnt and unfamiliar faces during a meitiog task (Henderson et al.,

2005, Stacey et al., 2005).

Method

Participants

24 participants took part in the study (15 female). All were siisder members of staff at
the Department of Psychology, Glasgow University. All were ableecognise faces

displayed via a monitor without glasses. The participants were paid iiofinne

Stimuli

The stimuli consisted of 40 faces half were celebrities arfduhédmiliar people from an
in-house database. All the faces were male, half were @d/€b they were upside down)
and half were upright. All the images were converted to grale snd cropped around the
faces, so they were presented on a white background (see figureltZey).were all
approximately 17cm by 21.5cm, subtending a visual angle of 9.7 and 12.2glegck a
resolution of 72 pixels per inch. The stimuli were presented on 21Betnea TFT flat

screen monitor, 1 meter from the participant using E-Prime software.
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Figure 2. 3 Examples of inverted familiar and upridit unfamiliar stimuli

Apparatus

Eye tracking data were recorded using a non-invasive remeté&agking device (RED)
from Senso-Motor Instruments, which was placed on a table below théomdaye
movements were captured using lview version 2.3 software and theipaauts were
calibrated using a 9-point display screen, before stimuli prasemt Participants had
Asden HS35s headphone/ microphone combination headsets, so that thegbleete

communicate with the experimenter in the other room.

Design & Procedure

The experiment employed a 3-factor within subjects design. The first faatofamiliarity
(familiar/unfamiliar), the second was orientation (upright/inverted)thadhird was the
features viewed (rightmost eye, leftmost eye, nose, mouth, forehead, chin antheair)
participants were instructed that they would be presented with 40 faces, half upside down

and half upright, and their task was to verbally indicate whether the factamdiar or
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unfamiliar. Each face was presented for 5 seconds. The experimenter recordetdhe

responses.

Analysis

The preliminary analysis of eye gaze data began by aswegavhether there was a
sufficient capture rate of all eye gaze data for eachicpmnt. Using the Iview 2.3
software, the viewing time for each face was analysededew much of the data was
undefined, (i.e. gaze not recorded within the areas of interesile lindefined data was
higher than 30 percent, then the subject’s data was discarded. 8 gazydata loss may
occur through head movement, blinking, hand gesticulation obscuringftaeed beam,
or untraceable eyes. Data will also be classified as undefimethin areas outside of the
AOlI, ie.e other uninformative areas of the screen. 29 participares t@sted, however 5
had to be discarded, as the undefined data were above 30 percent. @dapstwere

used in the final analysis.

The faces were divided into 7 areas of interest (AOI) crezed) Iview 2.3. The 7 AOI
were; the rightmost eye, leftmost eye, nose, mouth, forehead, chiramr{dee figure 2.4).
Separate AOI were created for each individual face, as ttes faaried in regards to
configuration. The AOI were from the perspective of the viewetefore the rightmost
eye and leftmost eye were always on the right or left froen iewer’'s perceptive,

irrespective of the orientation of the face (upright or inverted).

Eye gaze data with fixations shorter than 100 ms were detand line with comparable

studies (Baron, 1980; Fischer, Richards, Berman, & Krugman, 1989). fmlgata for
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faces that were correctly categorised as being ‘famiia‘unfamiliar’ were used in the
analysis. Eye gaze data was converted to proportions of gazeapeefior each face, as
gaze duration and number of fixations could differ across subjectgrdpertions of gaze

were created for each trial therefore sum of the gaze for each ésceqwal to 1.

Figure 2.4. AOI created for each face.

Results

Task performance

Figure 2.5 shows the mean accuracy for upright and inverted fac$actor ANOVA;

Orientation (upright/ inverted) and Familiarity (familiar/unidar) was conducted to
examine the accuracy of responses. The results from the anfalysd there were main
effects of orientation (F (1, 23) = 27.5, p < 0.01), and of familigftyl, 23) = 26.7, p <
0.01). There was also a significant two-way interaction betweentation and familiarity

(F (1, 23) = 31.6, p < 0.01).
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The simple main effects for the orientation and familiaritgrattion found that when the
familiar faces were inverted, responses were significaelg bccurate than when they
were upright (F (1, 23) = 64.9, p < 0.01), however there were no sajtifilifferences in
accuracy rates for the unfamiliar faces as a function ehtaiion (F < 1). Additionally
responses for inverted familiar faces were significants laccurate than the inverted

unfamiliar faces (F (1, 23) =57.7, p < 0.01).
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Figure 2.5 Mean percent correct for upright and inwerted familiar and unfamiliar faces

Proportion of gaze to features

Figure 2.6 shows the mean proportion of gaze to the features optight and inverted
faces. A 3-factor ANOVA; Orientation (upright/inverted), Faaniliy (familiar/unfamiliar)
x Features (leftmost eye, righmost eye etc...) was performdtieorye gaze data. The
results showed a main effect of features (F (6, 138) = 12.7, p < Ol¢d)efimost eye
(.30) received significantly more proportion of gaze than the nose (id@)th (.14),
forehead (.07), chin (0.05) and hair (.05). The rightmost eye (.22) rdamioee gaze than

the forehead, chin and hair. There was also a significant twokwtasaction between
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orientation and features (F (6, 138) = 6.9, p < 0.01). There was howeverimeffaet or

interaction that involved familiarity.

The orientation and features interaction found that some feataetga® more gaze when
the faces were upright, whilst others received more gaze whdadb®e were inverted. A
series of planned comparison t-tests were carried out on thexteefatures comparing
proportions of gaze for the upright and inverted orientation. The résufid that the right
eye received significantly more gaze when the faces werghtft (23) = 2.96, p < 0.01),
the same pattern was found for the hair (t (23) = 4.21, p < 0.01) anoré¢hedd (t (23) =
1.93, p = 0.066), although this was only marginally significant. Howewerniouth

received more gaze when the faces were inverted (t (23) = 5.10, p < 0.01).
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Figure 2.6 Proportion of gaze to features on uprighand inverted faces.

Two separate 1-factor ANOVAs were conducted for the featoresfor the upright faces

and one for the inverted faces. The analysis for the upright faaed a main effect of
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features (F (6, 138) = 10.7, p < 0.01) with some features recenang gaze than others.
Planned comparison t tests found the leftmost eye receivedgameethan nose (t (23) =
3.75, p < 0.01), as did the rightmost eye (t (23) = 2.24, p < 0.01) and camnganigh the

other features produced larger t values. The nose also receiredyaze than the chin (t

(23) = 2.26, p < 0.05).

The 1-factor ANOVA for the inverted faces found a main eftdédieatures (F (6, 138) =
11.8, p < 0.01) and planned comparison t tests found the leftmost egigedemore gaze
than the nose (t (23) = 2.08, p < 0.05) and comparisons with the other featdased
higher t values except the mouth. The nose received more gazgehehin (t (23) = 2.78,
p < 0.01) and comparisons with the forehead and hair produced highares.vahis

pattern was also found for the mouth.

Discussion

The results from the first experiment appear to show thatidaity had no effect on the
amount of gaze to the features; this was also a finding Iogé#son et al. (2005). Other
studies have however found differences in the viewing patternarfolidr and unfamiliar
faces (Althoff & Cohen, 1999; Luria and Strauss, 1978). In contrast,ifi@&eesion did
change how the faces were viewed. Some features receivedjazaren the upright faces
(right eye, forehead and hair), whereas the mouth receivedganeewhen the faces were
inverted. This seems to suggest that there was an overalbbais the top half of space
with the features residing in the top half receiving moreeg@his was a finding that was

also reported by Barton et al (2006), who also discovered thatweeeemore fixations
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and for a longer duration to features in the top half of space bidsgowards the top half
of faces and face-like objects has been shown in a varietherf studies (Caldara et al.,
2006; Turati, Macchi Cassia, Simion, & Leo, 2006; Turati, Simion, Mil&nlJmilta,

2002).

Overall there was a bias towards the internal features,(apse and mouth) regardless of
inversion; this was a finding by Stacey et al. (2005) althohigi only used upright faces.
When the faces were upright the internal features receivéd 89 gaze and when they
were inverted this increased to 85 %. So unlike Gallay et al. (2086 was no increase
in gaze to the external features, or decrease in gaze to thembsnouth for the inverted
faces, in fact there was an increase in gaze to the moughfasction of inversion.
Differences in these results and those by Gallay et al. (20@8y be related to the
participants tested, as Gallay et al. (2005) used four-month oldsrdadtmy experiment
used adult participants. There does seem to be some evidence thgtchiddren and
adults’ process faces in different ways (Campbell & Tuck, 19%ngbell, Walker, &
Baron-Cohen, 1995; Diamond & Carey, 1977) and this could well be reflectegein

movement patterns.

The proportion of gaze to features for the upright and inverted facegadid Overall

when the faces were upright 59 % of the time was spent lgakinthe eye regions,
whereas when the faces were inverted 45 % of gaze was to thiegiyes. The bias to
look at the eyes of upright faces supports findings from otlheliest that have found the
eyes are looked at more than any other feature (Henderson2604/,Henderson et al.,

2005, Janik et al., 1978).
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There was also a bias for the leftmost eye, which was apparéoth orientations, but
especially for the inverted faces. The bias to look more atytherm the left side of space
has been found by Barton et al. (2006), they found the left eye réamivee gaze when
the faces were upright, whereas the right eye received naze \ghen the faces were
inverted. The bias for the left eye (on upright faces) has lmawfin other studies using
the bubbles technique, and is believed to be due to the right hemispbeiisation for
face processing (Schyns, Bonnar, & Gosselin, 2002; Vinette, Gos&elichyns, 2004).
The bubbles technique is used to investigate what visual informatimedsfor a specific
categorisation task by embedding stimuli such as faces ualviswise and randomly

revealing small parts of the stimuli at different time intervals.

Another effect of inversion was the gaze to the mouth region, wigalfisantly increased
from 6 % to 21 %, and the gaze to the nose increased from 14 % tphlf #his was not
statistically significant. The gaze to the right eye sigaiitly decreased from 25 % to 19
%. This seems to suggest that the nose and mouth were more ihfmrthe recognition
of inverted faces, than they were for the upright faces. It couldatevhen the faces were
upright viewers only really needed to look at the eyes to obtagligtic impression of the
face, whereas when the faces were inverted the configural mtidhigdrocessing was
disrupted and processing had to be more on a featural bias, by lookingrea of the

internal features.

The task performance showed that inverting the faces impairetir face recognition

and this corroborates the face inversion effect found in previous st(Boapinello &
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Yarmey, 1970; Yin, 1969). Inversion however did not seem to effectiéaityildecisions
for unfamiliar faces. It appeared that inverting faces madeipants more likely to say a
face was unfamiliar, therefore they performed better for thanifiir faces, as opposed

the familiar faces in this condition.

Experiment 2

In the second experiment the aim was to investigate how paissesd fire inspected for a
face-matching task. Face-matching is extremely importaat variety of situations, such
as deciding if a person is the bearer of a passport, matchimgals caught on CCTV
footage and proof of age when buying restricted products sualoa@®l. There have been
very few studies that have used eye-movement measures to iatedimy faces are
viewed during a face-matching task. One study presented Vacisally one above the
other and found most fixations were to the top half of the faces amdickision was the
same features on both faces had to be fixated upon to makiet@ngalecision (Walker-
Smith, Gale and Findlay, 1978). Another study that presented pairs of faeamdtching
task used one that was front facing and another in a threeexguaigw. The findings were
that more time was spent looking at the internal featurélseofaces, as compared to the

external features regardless or familiarity (Stacey et al., 2005).

The second experiment proposed to find which internal features aretamtptor face

matching and whether viewers use any specific strategy waeging out a matching
decision. Do viewers carry out a feature-by-feature compadsasuggested by Walker-
Smith, Gale and Findlay (1978), or do they use more of a globatgraly obtaining a

holistic impression of the faces? In the matching-task, faee presented side by side
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and as a comparison to the normal upright faces inverted facesise used. This was to
examine whether the different viewing strategy observed irfeerted faces in the
recognition task, and also other studies using inverted face®iiB al., 2006) could also

be observed in the face-matching task.

Methodology

Participants

24 participants took part in the study (14 female), all were stad# members of staff at
the Department of Psychology, Glasgow University. All were a@bleecognise faces

displayed via a monitor without glasses. The participants were paid iioftinne

Stimuli

The stimuli consisted of 24 pairs of male faces, half werebaékes and half were
unfamiliar faces from an in-house database. The face panes @ither two images of the
same person or two different images of different people, hak weright and half were
inverted (see figure 2.7). All the images were grey scatebicropped around the faces, so
they were presented on a white background and each face wasiagapely 16cm by
13cm subtending to a visual angle of 9.1 by 7.4 degrees, with a res@t2 pixels per

inch.
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Figure 2. 7. Upright matched familiar and invertedmismatched unfamiliar stimuli.

Apparatus

The same apparatus and experimental set were used as for Experiment 1.

Design and Procedure

The experiment employed a 5-factor within subjects design. Téteviriable was face
(leftmost/rightmost), the second was familiarity (familisaamiliar), the third was match
(match/mismatch), the fourth was orientation (upright/inverted)l #ne fifth features
viewed (leftmost eye, rightmost eye, nose and mouth). The participenés instructed
that they would be presented with pairs of faces, half of which woulgbght and half
upside down. The participants’ task was verbally to indicate whehieepair was the
‘same’ or ‘different’, and each pair was presented for 5 seconds.eXperimenter
recorded the verbal responses given by the participants byimgptitem into the E-Prime

software whilst simultaneously recording the eye movements.

Analysis

The analysis procedure was the similar to Experiment 1, ekuefhces were divided into
4 areas of interest (AOI), the leftmost eye, rightmost rgse and mouth. In Experiment 1

the majority of gaze was to the internal features and otlerrfeatching research has

50



shown the majority of gaze is to the internal features of faces{c¢a@l. 2005), therefore
it seemed logical to use only these features for the agaljse gaze duration was also
converted into proportions of gaze and for this was calculatedatdr teial, therefore the
sum of gaze for both faces was equal to 1. In total 30 participemestested, however 6
had to be discarded as the eye gaze data fell below captere®f 70 percent, leaving

24 participants for the analysis.

Results

Task performance

A 3-factor ANOVA; Familiarity (familiar/unfamiliar), Math (match/mismatch) and
Orientation (upright/inverted) was performed on the response datae3hiesrfound that
there were no significant effects or interactions, and the jpetits performed at ceiling

levels with a mean accuracy of 97.5 %.

Proportion of gaze to features

Data were analysed by a 5-factor ANOVA: Face (leftmig$ifmost) x Familiarity
(familiar/unfamiliar) x Match (same/different) x Orientat (upright/inverted) x Feature
(leftmost eye, rightmost eye, nose, and mouth). The results froan#igsis revealed a
main effect of features (F (3, 69) = 14.4, p < 0.01) the rightmost #§pand leftmost eye
(.18) received significantly more gaze than the nose (.10) and lthegeived more gaze
than the mouth (.07). There was also a significant 4-way ini@ngfor familiarity, match,

face and features (F (3, 69) = 3.3, p < 0.05), therefore the datspitasto four sets and
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four separate 3-factor ANOVAs were performed for the iiam matched, familiar

mismatched, unfamiliar matched and unfamiliar mismatched faces.

Familiar Matched Faces

Results from the 3-factor ANOVA performed for the familmatched faces found a main
effect of features (F (3, 69) = 26.1, p < 0.01); the left eye (.22)wed more gaze than the
right eye (.16), and both eyes received more gaze than the nosen@dOmoath (.05).

There were two significant 2-way interactions; for face amatufes (F (3, 69) = 33.1, p <

0.01) and orientation and face (F (1, 23) = 7.7, p < 0.05).

Figure 2.8 shows the mean proportion of gaze to the features oftthedeand rightmost

face. The face and features interaction found that some featgsgaed more gaze on the
leftmost face, whereas others received more on the rightracst fTo determine if

differences in the amount of gaze to the features wereismmifas a function of face side
(right/left), a series of planned comparison t tests weréonmeed. Results from the

analyses found the rightmost eye received significantly mare ga the leftmost face (t
(23) = 6.75, p < 0.01), as did the mouth (t (23) = 4.23, p < 0.01). However thedeéye

received significantly more gaze on the rightmost face (t (23) = 5.90, p < 0.01).

Two separate 1-factor ANOVAs were conducted, one for thendestt face and one for the
rightmost face. The analysis for the leftmost face found a eféect of features (F (3, 69)
= 13.6, p < 0.01) and planned comparison t tests found the rightmost eyedeoere

gaze than the leftmost eye (t (23), = 4.5, p < 0.01) and compamgtnall the other
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features produced larger t values. The analysis for the righfanmstalso found a main
effect of features (F (3, 69) = 56.7, p < 0.01) and planned comparisais fadesd the
leftmost eye received more gaze than the nose (t (23) = 7.59, p <a@dtpmparisons

with all the other features produced larger t values.
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Figure 2. 8 Proportion of gaze to the features ohk leftmost and rightmost familiar matched faces.

Figure 2.9 shows the mean proportion of gaze for the leftmost amadnagt upright and
inverted faces. The orientation and face interaction found that inmehsid different
effects on the amount of gaze (per feature) for the leftfaostand rightmost face. Two t
tests revealed the leftmost face received more gazeepemrdé when upright (t (23) = -
2.76, p < 0.05), whereas the rightmost face received significansl\géee when the faces

were upright (t (23) = 2.76, p < 0.05).
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Figure 2. 9 Mean proportion of gaze to the leftmosand rightmost upright and inverted familiar
matched faces.

Familiar Mismatched Faces

Results from the 3-factor ANOVA performed for the fanmillmismatched faces found a
main effect of features (F (3, 69) = 26.1, p < 0.01); the rightmas{.&y) received more
gaze than the nose (.10) and mouth (.09), but not the leftmost eye (.15¢. wEnerthree

significant 2-way interactions for; orientation and feature€3(F9) = 2.8, p < 0.05), face

and features (F (3, 69) = 14.2, p < 0.01) and orientation and face (F (1, 23) = 8.7, p < 0.01)

Figure 2.10 shows the mean proportion of gaze to features on the uprigirivarted
faces. The orientation and features interaction found that s@hede received more gaze
on upright faces, whereas others received more gaze on invertedXasmses of t tests
found the only significant difference was for the mouth, which redemere gaze when

the faces were inverted (t (23) = 4.76, p < 0.01).
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Two 1-factor ANOVAs were conducted on the features, one for thghifand one for the
inverted faces. The analysis for the upright faces found a maict eff features (F (3, 69)
= 6.2, p < 0.01) and planned comparisons revealed the leftmost eye & 839, p <
0.01) and rightmost eye (t (23) = 3.71, p < 0.01) received more gazéhthamouth for
upright faces. The rightmost eye also received significantlyrgaze than the nose (t (23)
= 2.08, p < 0.05). The analysis for the inverted faces found no signifitain effect of

features (F < 1).
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Figure 2.10 Proportion of gaze to the features upght and inverted familiar mismatched faces.

Figure 2.11 shows the mean proportion of gaze to features on thedeéntrightmost
faces. The face and features interaction for familiar raished faces discovered a similar
pattern as was found for the familiar matched faces. A ssafet tests revealed the
rightmost eye received more gaze on the leftmost face (12826, p < 0.01) and the
opposite pattern was found for the leftmost eye, it received geme on the rightmost
face (t (23) = 5.68, p < 0.01). Two 1-factor ANOVAs were conductethioteftmost and
rightmost faces. The analysis of the leftmost face foundia effect of features (F (3, 69)

=10.5, p < 0.01) and planned comparison t tests found the rightmost eyededbei more
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gaze than the mouth (t (23) = 3.46, p < 0.01) and comparisons with the ailueedeon
the leftmost face, produced even higher t values. However, the anayshe rightmost

face did not find a significant main effect of features (F (3, 69) = 2.4, p = 0.074).
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Figure 2. 11 Proportion of gaze to the features dghe leftmost and rightmost familiar mismatched
faces.

The orientation and face interaction discovered the same pattestasasound for the
familiar matched faces. Two t tests were conducted which fouridftheost face received
more gaze when upright (.14 vs. 09; t (23) = 2.94, p < 0.01) and the opmaisaen was
found for the rightmost face, it received significantly lessegalzen the faces were upright

(.11 vs. .06; t (1, 23) = 2.94, p < 0.01).

Unfamiliar Matched Faces.

Results from the 3-factor ANOVA performed for the unfamilmatched faces found a
main effect of features, (F (3, 69) = 15.4, p < 0.01); the leftmast.&y) received more

gaze than the nose (.1) and mouth (.07), whilst the rightmost eye c&6)eck more gaze
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than the mouth. There were three 2-way interactions; orientatiofeanaes, (F (3, 69) =
3.3, p < 0.05), face and features (F (3, 69) = 12.3, p < 0.01) and orientationeid (ac

69) = 6.5, p < 0.05).

Figure 2.12 shows the mean proportion of gaze to features on the uprigirivarted
faces. The orientation and features interaction found that s@nhede received more gaze
when the faces were upright, whilst others received more wigefates were inverted. A
series of t-tests found the nose (t (23) = 2.20, p < 0.05) and mouth & 228}, p < 0.05)
received more gaze when the faces were inverted, but theneondiferences in gaze to

the eyes.

Two 1-factor ANOVAs were conducted, one for the upright facesoaedfor the inverted
faces. The analysis for the upright faces found a main etbédtatures (F (1, 23) = 8.31,
p < 0.01) and planned comparison t tests found the leftmost eye (t 3), < 0.01),
and rightmost eye (t (23) = 3.03, p < 0.01) both received more gazdghanose, and
comparisons with the mouth produced even higher t values. Theot Ad¢OVA with the

inverted faces did not find any significant effect of features (F < 1).
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Figure 2. 12 Mean proportion of gaze to the featuref the upright and inverted unfamiliar matched
faces.

Figure 2.13 shows the mean proportion of gaze to the rightmost ambdeffaces. The
face and features interaction discovered a similar patternaasfound for the familiar
faces. A series of t tests were conducted comparing the amabgaize to the separate
features as a function of face side (left/right). Resuitshfthe analyses found the leftmost
eye received more gaze on the rightmost face (t (23) = 3.91, p < Wbéjeas the
rightmost eye received more gaze when on the leftmost f§28)(t 3.21, p < 0.01). Face

side had no significant effects on the amount of gaze to the nose and mouth.

Two 1-factor ANOVAs were conducted, one for the features oreftrdst face and one
for the feature on the rightmost face. The analysis for thadsttface found a main effect
of features (F (3, 69) = 9.9, p < 0.01), and planned comparison t-teststfieunghtmost
eye received more gaze than the nose (t (23) = 4.18, p < 0.01) andrisomg with the
other features produced even higher t values. The analysis for the rightrecsistafound
a main effect of features (F (3, 69) = 10.6, p < 0.01) and the plannguhdsons found
the leftmost eye received more gaze than the nose (t (23) = 3.790.01% and

comparisons with the other features produced even higher t values.

58



0.3

0.25
(O]
N 02
2 O leftmost eye
o
5 @ rightmost eye
e 0.15 -
S W nose
o
a # mouth
c 014
®
[J]
=

0.05 -

0

leftmost face rightmost face

Figure 2. 13 Mean proportion of gaze to the featureof the leftmost and rightmost of unfamiliar
mismatched faces

The orientation and face interaction discovered the same patteriouval for the familiar
faces. Analyses using t-tests found the leftmost facevestsignificantly more gaze when
upright (.13 vs. .09; t (23) = 2.53, p < 0.05), whereas the rightmost faeeva@c

significantly less when upright (.12 vs. .16; t (23) = 2.53, p < 0.05).

Unfamiliar Mismatched faces

Results from the 3-factor ANOVA performed for the unfamilmatched faces found a
main effect of features, (F (3, 69) = 7.9, p < 0.01); the leftmgsst(d7), rightmost eye
(.15) and nose (.14) all received more gaze than the mouth (.05). Threréhvee 2-way
interactions; orientation and features, (F (3, 69) = 23.5, p < 0.01), fidcteatures (F (3,

69) = 2.9, p < 0.05) and orientation and face (F (1, 23) = 14.5, p < 0.05).
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Figure 2.14 shows the mean proportion of gaze to features of the upndhtverted
faces. The orientation and features interaction found that s@nhede received more gaze
when the faces were upright, whereas others received more hdenvéere inverted. A
series of t-tests found the rightmost eye (t (23) = 2.73, p < 0d¥8ived more gaze when
the faces were upright, whilst mouth (t (23) = 2.82, p < 0.01) receioed gaze when the

faces were inverted.

Two 1-factor ANOVAs were conducted looking at the gaze taufeaton the upright and
inverted faces. For the upright faces there was a main effect ofde4F (3, 69) = 9.2, p <
0.01) and planned comparisons found the rightmost eye received mori@azke nose
(t (23) = 2.5, p < 0.01) and the mouth (t (23) = 4.6, p < 0.01), and leftmost@siged

more gaze than the mouth (t (23) = 4.08, p < 0.01). The analysis fmvéreed faces did

not produce a significant main effect of features (F <1).
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Figure 2.14 Mean proportion of gaze to the featuresn the upright and inverted unfamiliar
mismatched faces
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Figure 2.15 shows the mean proportion of gaze to the features oéfthedt and

rightmost faces. The face and features interaction discoversilar gattern as was found
for the familiar faces and unfamiliar matched faces. Tstésund the rightmost eye
received more gaze on the leftmost face (t (23) = 5.08, p < 0.0leaghthe leftmost eye

(t (23) =5.42, p < 0.01) received more gaze on the rightmost face.

Two 1-factor ANOVAs were conducted; one for the leftmost face amel for the
rightmost face. The analysis for the leftmost face found a efééct of features (F (1, 23)
=12.9, p < 0.01) and planned comparison t-tests found, the rightmost eiyedeoere
gaze than the nose (t (23) = 4.34, p < 0.01) and comparisons with otiieesgaroduced
higher t values. The analysis for the rightmost face also foundima effect of features (F
(1, 23) = 15.4, p < 0.01), and the planned comparisons found the leftmoscejed
more gaze than the nose (t (23) = 3.05, p < 0.01) and all the compangbrthe other

features produced higher t values.
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Figure 2.15 Mean proportion of gaze to the featuresf the leftmost and rightmost of unfamiliar
mismatched faces
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The orientation and face interaction discovered the same pattestasasound for the
familiar faces and the unfamiliar matched faces. T-tiatsd the leftmost face received
more gaze when upright (.15 vs. 09; t (23) = 3.8, p < 0.01) and the rightoe®se&zived

significantly less gaze when upright (.10 vs. .16; t (23) = 3.8, p < 0.01).

Results summary

Although there was a 4-way interaction for familiarity, mattdce and features the
patterns across familiarity (familiar/unfamiliar) and nmafenatch/mismatch) were very
similar. There was a main effect of features acrossoatlitions, which found the eyes
were looked at more than any other features, except for theniliafamismatched faces

where the nose received similar amounts of gaze.

There were 2-way interactions for face and features andtatien and face which were
significant for both levels of familiarity and match. There vedso an orientation and
features interaction, which was significant for the familiasmatched and unfamiliar

faces, but not the familiar matched faces.

Effect of inversion

Across familiarity and face match the leftmost face iseszemore gaze per feature when
upright, whereas the rightmost face received more gazeegenré when inverted and this
was significant across familiarity and match. Another consigtattern that emerged when
the faces were inverted was the mouth received more gaze, améshssgnificant for the

familiar mismatched and all the unfamiliar faces. The neseived more gaze when the

faces were inverted, but this was only significant for matchddmihar faces. The
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rightmost eye received more gaze when the faces were uphbghtthis was only

significant for the unfamiliar mismatched faces.

When the faces were upright the eyes received more gazehthamotth for the familiar
mismatched and unfamiliar faces and more gaze than the nase fanfamiliar matched
faces. The rightmost eye also received more gaze than thefaoroske unfamiliar
mismatched faces. When the faces were inverted therengesgnificant differences in

the amount of gaze the features received and all obtained similar amounts.

Effect of face side (left or right of the screen)

The face and features interactions revealed that there was a bias totlmkigiitmost

eye on the leftmost face and the leftmost eye on the rightmost face and thegaraless

of familiarity and match. These features received more gaze thathérefeatures on the

face across the conditions. The face location appeared to have no effect on the amount of

time spent looking at the nose and mouth.

Discussion

The eye gaze results found the upright faces were looked akdifieto those that were
inverted. There was a bias for the eyes on the upright faces ancetie®ved more gaze
than the other features for the unfamiliar faces. Whereas thlediaces were inverted, the
mouth received more gaze for mismatched familiar and unfanfd@s and the nose
received more gaze for unfamiliar matched faces. This seéemshow that overall there

was a bias towards the top half of space and that viewing measased to whichever
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features happened to be in the half. This bias towards the topfHalfes and face-like
objects has been found in previous research that has used eye mov&adots €t al.,

2006) and other studies (Caldara, et al., 2006; Turati, 2004; Turati, et al., 2002).

Previous research has found differences in how upright and invertesl dae viewed
Gally et al. (2006) found that infants looked more at the nose and miuhight faces,
and more at the external features of inverted faces. Wheast Rt al. (2006) found that
viewers looked more at the features in the top half of theeviden the faces were upright
(eyes and forehead) and more at the features that usually reside inghbativof the face
(chin and mouth) when the faces were inverted. Differences in idvweing patterns
between these two studies could be due to the participantsGaigdet al. used infants,
whereas as Barton et al. used adults. There is some evidehchilti@en process faces
more featurally than holistically (Diamond & Carey, 1977; Fré&ireee, 2001; Mondloch,
Le Grand, & Maurer, 2002) and use the external features morehtantérnal features
(Campbell & Tuck, 1995; Campbell, Walker, & Baron- Cohen, 1995). Howevealhot
research has reported differences in viewing patterns for ugnghtnverted faces, some
research found no differences in the way upright and inverted faees viewed

(Henderson et al., 2001).

Overall the eyes appeared to be the most important featuresctnifatching when the
faces were upright and they were looked at significantly rtftae the nose and mouth,
this has also been found by other studies using single fatmsdérson et al, 2001;
Henderson et al., 2005; Janik et al, 1978). Although the eyes were amipfot face-

matching, viewers did not look at the same eyes on both faceslothlead more at the

rightmost eye on the leftmost face and the leftmost eyt@mightmost face. It therefore
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seems that viewers were not making a feature-by-featmgarison as suggested by
Walker-Smith, Gale and Findlay (1978), but were looking at the fjw@e that were centre
of the screen and scanning between them. An eye-movement studysusgie faces
reported that of all the triplet sequences of fixations visweuld make, the most frequent
was left eye-right eye-left eye and vice versa (Gronerd&/a& Groner, 1984). Could

viewers be pairing the inner eyes of the faces as they would when viewngjeaface?

An alternative explanation for viewers using only the ‘inner'segethe two faces is that
the task may have been so easy for upright faces; viewegnrsotlineed to look at all the
features on each face to make a matching decision. Howeven, ttvd faces were inverted
the task became more difficult, and more features had to be ingp&ntgther explanation
is that when the faces were upright, viewers were using imalistic processing and
therefore only needed to look at the inner eyes to build up a hoégtiesentation of the
faces. Then when the faces were inverted viewers had to useofroffeatural approach

and had to look at all the internal features equally.

There were also differences in the viewing patterns for dacthe left of the screen, and
on the right of the screen. The leftmost face received mae ger feature when upright,
whereas the rightmost face received more gaze per featwe mberted and this was
regardless of familiarity, or if the faces matched. There is left Migld bias for faces that
has been well documented (Burt & Perrett, 1997; Butler et al., 200&6d,DA989;
Mertens, Siegmund, & Grusser, 1993), and this could explain why the upaictd
received more gaze when on the left of the screen, howevegliiébias for the inverted

faces, still poses some interesting questions.

65



The task performance revealed the experiment was veryfeagskie participants, this
could be a result of the same images being used for the saso@ jpad the long stimulus
presentation of 5 seconds. Previous research has shown that whemé¢hansges are
used for learning faces and then for a recognition test, perfoemsumuch higher (90%)
than when different images are used from study to test pre@%s (Bruce, 1982). This
seems to suggest when the same images are used fortHaoeparticipants may be
carrying out an image matching process, rather than detegnfrthe faces have the same
identity. To determine how viewers carry out a face-matchisl§g &nd increase the
ecological validity of the experiment two different imagef the same person should be

used.

Experiment 3

In this experiment, the aim was to establish the scanninggyratsed by subjects when
asked to match two faces using different images of the samsenper two different

people, as this has more reflection on face matching in feaituations. | was interested
in whether eye movements suggest a feature-by-feature aemmpasuch as that observed
by Walker-Smith et al (1978), or whether subjects use a motmlghpproach, perhaps
looking into regions of the face which allow a more holistic irapi@, and perhaps not

fixating the same features in each face.

As a comparison to normal face matching, | also examinedneyements when subjects
were asked to match inverted faces. This was to detemiather the different viewing
patterns that had been observed in Experiment 2 for the upright anddrfaeds could be

replicated.
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Method

Participants

24 participants took part in the study (17 female). All were students or neoflstaff at

the Department of Psychology, University of Glasgow, and were paid fotitheir

Stimuli

The stimuli consisted of 60 pairs of male faces, half werebaéies and half unfamiliar
people. The images of the familiar faces were obtained througméntsearches and the
unfamiliar faces were high quality images taken from an indalstabase. Half were
presented as upright pairs and half were inverted. The face paies either different
identities, or two different images of the same person (takémdifferent cameras, see
figure 2.16). All images were presented in grey scale, croppeddcthe face, and shown
against a white background. Each face was approximately 12 @nchy subtending a
visual angle of 6.8 by 5.1 degrees. The face pairs were phacedapart, this distance was
chosen as previous research has shown that face that are placed to close tthenmamgot
impair face matching (Megreya & Burton, 2006). The stimulus ptetien time was
reduced to 2 seconds, as responses from Experiment 2 revealedttbiglapés were able
to respond within this time period and did not need 5 seconds to makecamata

decision.
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Figure 2. 16 Upright msatched unfamiliar and inverted matched unfamiliar.

Apparatus

The participants’ eye movements were measured using the head-mountedesiRcR
EyeLink System; data was recorded from only the right eye. Thalstimre presented on

17 inch screen monitor using Experiment Builder, SR Research.

Design and Procedure

The experiment employed a 5-factor within subjects design. The first wawails| face
(leftmost/rightmost), the second was familiarity (familiar/umilzar), the third was match
(match/mismatch), the fourth was orientation (upright/inverted), and thddidtures
viewed (leftmost eye, rightmost eye, nose and mouth). Participants wenetedthat
they would be presented with pairs of familiar and unfamiliar faces, hathich would

be upright and half upside down, and their task was to indicate with a button response

whether the faces were the ‘same’ person, or two ‘different’ people.

Analysis

The analysis procedure was same as the previous two experinesis e eye tracking

data were analysed using Eyelink Dataviewer 1.7, SR Rése@here was also an
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additional measure along with the proportion of gaze to featureshandas the location

of the first fixation (i.e. rightmost or leftmost face).

Results

Task performance

A 3-factor ANOVA: Familiarity (familiar/unfamiliar) x Match (same/different) x
Orientation (upright/inverted) was performed on the response datueliled that there
was a main effect of familiarity, familiar faces ra@s more correct responses than
unfamiliar faces (85 vs 78 %; F (1, 23) = 142.9, p < 0.01). There waa atsin effect of
orientation, upright faces received more correct responses tharethfees (91 vs. 71 %;
F (1, 23) = 21.3, p < 0.01) and a two-way interaction between fanyilemd match (F (1,
23) = 21.2, p < 0.01). The simple main effects for the interaction lezl/¢#t@at when the
faces matched there was no significant differences in coaggbnses for the familiar and
unfamiliar faces (82 vs 83 %; F < 1), however when the faces nulath the familiar
faces received more correct responses than the unfamiliar @8e/s 72 %; F (1, 23) =

49.9, p < 0.01).

Location of first fixation

The location of the first fixation for each trial was exaed to see if viewers looked
initially at the rightmost or leftmost face. A paired samptest found that viewers made
significantly more first fixations to the leftmost face, titae rightmost face (82.8 % vs.
17.2 %; t (23) = 7.06, p < 0.01). This was an extremely strong efidotvél be explored

further in chapter 5 where a full analysis will be carried out.
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Proportion of gaze to features

Data were analysed by a 5-factor ANOVA: Face (rightredstiost) x Familiarity
(familiar/unfamiliar) x Match (same/different) x Orientat (upright/inverted) x Feature
(rightmost eye, leftmost eye, nose and mouth). There was a ffeshad features (F (3,

69) = 1295, p < 0.01) and the leftmost eye on each face (mean .21) received
proportionately more eye gaze than the rightmost eye (.13), noseafiii2all these
features received more gaze than the mouth (.04). There wersigniicant 4-way
interactions: familiarity, orientation, face and features 3(F60) = 3.3, p < 0.05), and face
match, orientation, face and features, (F (3, 69) = 4.2, p < 0.01). Fomtemse, the data

was split into four separate sets; familiar matched, famithismatched, unfamiliar
matched and unfamiliar mismatched faces and separate 3-fa¢@VvAs were carried out

on each set.

Familiar Matched Faces

Results from the 3-factor ANOVA performed on the data forfémailiar matched faces
found a main effect of features (F (3, 69) = 13.3, p < 0.01), the left.29) received more
gaze than the right eye (.13), and nose (.12) and all receivedtinaoréhe mouth (.04).
There were three significant 2-way interactions; for oriemtatind features (F (3, 69) =
19.4, p < 0.01), face and features (F (3, 69) = 32.7, p < 0.01) and orientation and face (F (1

23) = 13.8, p < 0.01).

Figure 2.17 shows the mean proportion of gaze to features of the upnghtverted

faces. The orientation and features interaction found that s@hede received more gaze
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when the faces were upright, whereas others received morewt@rethe faces were
inverted (see figure 2.16). A series of t-tests were carriedrotite features and found the
leftmost eye (t (23) = 4.48, p < 0.01) and rightmost eye (t (2882 p < 0.01) received
significantly more gaze when the faces were upright. Whdahea®pposite pattern was
found for the nose (t (23) = 4.61, p < 0.01) and mouth (t (23) = 1.91, p < 0.01), which

received more gaze when the faces were inverted.

Two 1-factor ANOVAs were conducted, one for the upright facesoaedfor the inverted
faces. The analysis for the upright faces found a main effdéettires (F (3, 69) = 30.8, p
< 0.01) and planned comparisons found the leftmost eye received moréhgazthe
rightmost eye (t (69) = 3.76, p < 0.01) and comparisons with the aherés produced
even higher t values. The rightmost eye received more gazehthawde (t (69) = 3.72, p
< 0.01) and comparisons with the mouth produced even higher t values. Thésdoalys
the inverted faces found a main effect for features (F (3, 69) 59.01) and planned
comparison t-tests found, the leftmost eye (t (69) = 2.47, p < 0.05) aadtr(69) = 2.22,

p < 0.05) both received more gaze than the rightmost eye, and tamnpawith the mouth

produced even higher t values.
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Figure 2.17 The mean proportion of gaze to feature®r upright and inverted familiar matched faces.

Figure 2.18 shows the mean proportion of gaze to features on these#ntrightmost
faces. The face and features interaction found that some featgeved more gaze on the
leftmost faces, whereas other features received more gahe aghtmost faces. A series
of t-tests revealed that the rightmost eye received moe gazhe leftmost face than on
the rightmost face, (t (23) = 6.91, p < 0.01), whereas the oppositenpatte found for the
leftmost eye, it received more gaze on the rightmost fag@3jt= 5.17, p < 0.01). Face

location had no significant effects upon the nose and mouth (F < 1).

Two 1-factor ANOVAs were conducted, one for the leftmost face amel for the
rightmost face. Analyses for the leftmost face found a maectedf features (F (3, 69) =
8.3, p < 0.01) and planned comparisons found the leftmost eye (t (69) = 4.40, pand.01)

rightmost eye (t (69) = 4.37, p < 0.01) received more gaze than the mouth.

The analyses for the rightmost face found a main effect afreesa(F (3, 69) = 22.463, p <
0.01) and planned comparisons revealeddfimost eye received significantly more gaze
than the nose, (t (69) = 5.33, p < 0.01, and when compared to the other fie givodsced

higher t values. The nose received more gaze than the mouth (t (69) = 2.49, p < 0.05).
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Figure 2.18 The mean proportions of gaze to featusefor the leftmost and rightmost matched familiar
faces.

Figure 2.19 shows the mean proportion of gaze per feature for the ugnighhverted
leftmost and rightmost faces. The orientation and face irtenatound that there were
differences in proportions of gaze per feature as a functioscefdide and orientation. T-
tests revealed the leftmost face received more gaze wheright (t (23) = 2.76, p <
0.05), whilst the opposite pattern was found for the rightmost famxdived significantly

less gaze when the faces were upright (t (23) = 2.76, p < 0.05).
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Figure 2.19 Mean proportion of gaze per feature téhe leftmost and rightmost upright and inverted
familiar matched faces.
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Familiar Mismatched Faces

Results from the 3-factor ANOVA performed on the data for #mailfar mismatched
faces found a main effect of features (F (3, 69) = 13.6, p < 0.01),fthmde eye (.21)
received more gaze than the rightmost eye (.14) and nose (.11)/|lahe &atures
received more gaze than the mouth (.04). There were thredacsighi2-way interactions;
for orientation and features (F (3, 69) = 15.7, p < 0.01), face and feEui&s69) = 27.3,

p < 0.01) and orientation and face (F (1, 23) = 22.0, p < 0.01).

Figure 2.20 shows the mean proportion of gaze to the features on th# apdgnverted
faces. The orientation and features interaction found that someréameged more gaze
when the faces were upright whereas other features receivexl gaze when the faces
were inverted. A series of t-tests revealed the leftmost(te{@3) = 6.39, p < 0.01) and
rightmost eye (t (23) = 4.18, p < 0.01) received more gaze wheiadbe were upright,
however the nose (t (23) = 5.38, p < 0.01) and mouth (t (23) = 2.22, p < 0.05), deceive

more gaze when the faces were inverted.

Two 1-factor ANOVAs were conducted, one for the upright facesoardfor the inverted
faces. The analysis for the upright faces found a main effdéettfres (F (3, 69) = 37.7, p
< 0.01) and planned comparisons found the leftmost eye received moréhgazthe
rightmost eye (t (23) = 3.96, p < 0.01) and comparisons with the aherés produced
higher t values. The rightmost eye received more gaze thaiosleg(t (23) = 4.5, p < 0.01)

and mouth (t (23) = 5.63, p < 0.01). The analysis for the inverted facesdauadh effect
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of features (F (3, 69) = 5.3, p < 0.01) and planned comparison t-testdee the leftmost
eye (t (23) = 3.31, p < 0.01) and nose (t (23) = 3.91, p < 0.01) both receivedjamere

than the mouth.
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Figure 2. 20 Proportion of gaze to the features ujight and inverted familiar mismatched faces.

Figure 2.21 shows the mean proportion of gaze to features on these#nt rightmost
faces. The face and features interaction for familiar mished faces found some features
received more gaze on the leftmost face, whereas othersaggabre on the rightmost
face. A series of t-tests revealed the rightmost ey@ved more gaze on the leftmost face
(t (23) = 5.31, p < 0.01), and the opposite pattern was found for the leftgeosind it

received more gaze on the rightmost face (t (23) = 3.4, p < 0.01).

Two 1-factor ANOVAs were conducted, one for the leftmost face amel for the
rightmost face. Analyses for the leftmost face found a mdactedf features (F (3, 69) =
9.9, p < 0.01) and planned comparisons revealed the leftmost eye receieegaz®ithan

the nose (t (69) = 2.08, p < 0.05) and comparisons with the mouth produced &igbeen
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t value. The rightmost eye also received more gaze than the mouth (t (69) = 4G01p <
The analyses for the rightmost face found a main effect airesa (F (3, 69) = 17.3, p <
0.01) and planned comparisons revealed the leftmost eye receivedjazerthan the nose
(t (69) = 4.54, p < 0.01) and comparisons with the other features produbed higlues.
The nose (t (69) = 2.42, p < 0.05) and rightmost eye (t (69) = 2.11, p < 0.8i/eckmore

gaze than the mouth.

0.3 1

0.25 +

0.2
Oleftmost eye

0.15 @ rightmost eye
W nose
Omouth

0.1 4

0.05

0

leftmost face rightmost face

Figure 2.21 Proportion of gaze to the features ohe leftmost and rightmost familiar mismatched faces

The orientation and face interaction found the same pattern akefdarniliar matched
faces. T-tests revealed the leftmost face received game when upright (.13 vs. .12; t (1,
23) = 4.8, p < 0.01) and the opposite pattern was found for the rightmosit f&oeived

less gaze when the faces were upright (.11 vs. .13; t (23) = 4.8, p < 0.01).

Unfamiliar matched faces

The results from the 3-factor ANOVA performed on the data for the unfanatasf
revealed a main effect of features, (F (3, 69) = 12.1, p < 0.01), and 3-way interaction for

orientation, face and features, (F (3, 69) = 4.2, p < 0.01). The main effect of features
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revealed the leftmost eye (.21) received more gaze than the rightmostZyar{d nose

(.13), and all these features received more gaze than the mouth (0.04).

Figure 2.23 shows the mean proportion of gaze to features on the upright leftmost and
rightmost faces and figure 2.24 shows the mean proportion of gaze to features for the
inverted leftmost and rightmost faces. To analyse the orientation, face amddea
interaction the data was split and two 2-factor ANOVAs were conducted, one for the

upright faces and one for the inverted faces.

The analysis for the upright faces found a main effect of features (F (23) = 2100 <

and a significant interaction for face and features (F (32) = 26.0, p < 0.01). The &oalysis
the simple main effects for the interaction found the rightmost eye receivedyawe on

the leftmost face (t (23) = 91.4, p < 0.01) and the opposite pattern was found for the
leftmost eye and it received more gaze on the rightmost face (t (23) = 102.8, p < 0.01).
Planned comparisons for features on the leftmost face revealed the lefymd@s({23) =

2.75, p < 0.01) and rightmost eye (t (23) = 3.9, p < 0.01) received more gaze than the nose
and comparisons with the mouth produced higher t values. For the rightmost face, the
leftmost eye received more gaze than the rightmost eye (t (23) = 4.78, p < 0.01) and

comparisons with the other features produced higher t values.
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Figure 2.23 Mean proportion of gaze to features foupright unfamiliar faces matched faces.
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Figure 2.24 Mean proportion of gaze to features foinverted unfamiliar faces matched faces.

The analysis for the inverted faces found a main effect ofifest(F (3, 69) = 8.1, p <
0.01) and a significant interaction for face and features (F (3, @)% p < 0.01). The
analysis of the simple main effects for the interaction reddake rightmost eye received
significantly more gaze when it was on the leftmost fac€L(R23) = 30.9, p < 0.01), the
same pattern was found for the nose (F (1, 23) = 9.7, p < 004 )opposite pattern was
found for the leftmost eye, it received significantly more gaze wheastom the rightmost

face (F (1, 23) = 118.5, p < 0.01). Planned comparisons for features offtrtfesidace
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found the nose received more gaze than the mouth (t (23) = 3.07, p < 0.@0igrendere
no other significant differences in gaze to the features. Whére#tse rightmost face, the
leftmost eye received more gaze than the rightmost ef@3)t= 4.27, p < 0.01) and the

mouth (t (4.27, p < 0.01), same pattern was also found for the nose.

A series of t-tests were performed to see the effertvefsion on features on the leftmost
and rightmost faces, they revealed that the leftmost eyeveecmore gaze in the upright
orientation and this was significant for the leftmost fac€2@&) = 2.4, p < 0.05) and
marginally significant for the rightmost face (t (23) = 1.p9 0.059). A similar pattern
was found for the rightmost eye and it received more gaze on upaicghtwhich was
significant for the leftmost face (t (23) = 6.84, p < 0.01) and tji@most face (t (23) =
4.51, p < 0.01). However the opposite pattern was found for the nose andviédeteire
gaze when the faces were inverted and this was significathddeftmost face (t (23) =
5.05, p < 0.01) and the rightmost face (t (23) = 3.66, p < 0.01). The mouth cscede
more gaze when the faces were inverted but this was onlyisagtifor the leftmost face

(t (23) = 2.53, p < 0.05).

Unfamiliar Mismatched Faces

Results from the 3-factor ANOVA performed on the data for #mailfar mismatched

faces found a main effect of features (F (3, 69) = 10.7, p < 0.01),fthmde eye (.21)

received more gaze than the rightmost eye (.12), nose (.13)lahéd &eatures received
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more gaze than the mouth (.05). There were two significant 2-way inbesgorientation

and features (F (3, 69) = 28.3, p < 0.01) and face and features (F (3, 69) = 28.7, p < 0.01).

Figure 2.25 shows the mean proportion of gaze to features on the uprigirivarted
faces. The orientation and features interaction found a sinatterp to that found for the
familiar matched faces. A series of t-tests found thenlest eye (t (23) = 4.17, p < 0.01)
and rightmost eye (t (23) = 6.60, p < 0.01) received more gaze on ujacgst Whereas
the nose received more gaze on inverted faces (t (23) = 6.37, p < 0.@l3eparate 1-
factor ANOVAs were conducted, one for the upright faces and ortedanverted faces.
The analyses for the upright faces found a main effect tdireesa (F (3, 69) = 22.2, p <
0.01) and planned comparisons found the leftmost eye received morehgaze¢hé
rightmost eye (t (69) = 2.69, p < 0.05) and comparisons with other fegtooeuced
higher t values. The rightmost eye received more gaze than th€tn@8g = 3.46, p <

0.01) and the comparison with the mouth produced a higher t value.

The analyses for the inverted faces found a main effect afrésa(F (3, 69) = 7.7, p <
0.01) and planned comparison t-tests foundidftenost eye (t (23) = 2.66, p < 0.05), p <
0.01) and nose (t (69) = 3.16, p < 0.01) received more gaze than the rigbymcstd

comparisons with the mouth produced higher t values.
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Figure 2.25 Mean proportion of gaze to features afpright and inverted unfamiliar mismatched faces.

Figure 2.26 shows the mean proportion of gaze to the features on the leftmost and
rightmost faces. The face and features interaction for unfamiliaratehed faces found
some features received more gaze on the leftmost face, whereas athigedrenore on

the rightmost face. T-tests found the rightmost eye received more gazeleitntost face

(t (23) = 4.83, p < 0.01), and the opposite pattern was found for the leftmost eye and it

received more gaze on the rightmost face (t (23) = 5.77, p < 0.01).

Two ANOVAs were conducted, one for the leftmost faces and one for the ridlitoes.

The analyses for the leftmost face found a main effect of features (F 568)p < 0.01)

and planned comparisons revealed the leftmost eye (t (23) = 3.47, p < 0.01), rightmost eye
(t(23) =3.71, p < 0.01) and the nose (t (23) = 2.78, p < 0.01) received more gaze than the
mouth.The analyses for the rightmost faaleo found a main effect of features (F (3, 69) =
19.4, p < 0.01) and planned comparisons fainedeftmost eyeeceived more gaze than

the nose (t (23) = 3.71, p < 0.01) and comparisons with the other features produced higher

values.The nose received more gaze than the mouth (t (23) = 2.78, p < 0.01).
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2.26 Mean proportion of gaze to features of unfaniér mismatched faces

Results summary

The first fixation analysis showed that there was a strdingded bias for the location of
the first fixation and the over 80 percent of the time viewerkddat the face on the left
first. There was a main effect of features which found a lmashe leftmost eye and it
received more gaze than the other features regardlessitibfdy and match, whilst the

eyes and nose were looked at more than the mouth.

Although there were some differences as a function of faityliand match, overall the
patterns were very similar. The familiar (matched and micmeat) and unfamiliar
mismatched all showed significant 2-way interactions for cateort and features and face
and features, and the familiar faces also had 2-way interadtorgientation and face.
The main difference was that the unfamiliar matched faces ehaignificant 3-way

interaction for orientation, face and features.
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Effect of inversion

When the faces were inverted this increased gaze to theandsmouth regions, whilst
when the faces were upright this increased gaze to the teyeqattern was consistent
regardless of familiarity, or match. For the upright famifeces there was a bias for the
leftmost eye and it received more gaze than the rightmestagyl the eyes both received
more gaze than the nose and mouth. For the upright unfamiliar méactesc the leftmost
eye received more gaze than the rest of the features on tiwogy face and the eyes
received more gaze than the nose and mouth on the leftmost facéheFaipright

unfamiliar mismatched faces the eyes received more gaze than thedoseuwh.

When the familiar (matched and mismatched) faces were @uyettie leftmost eye and
nose received more gaze than the mouth. When the unfamiliar nisudtces were
inverted, the leftmost eye and nose received more gaze thaghtmast eye and mouth.
For the inverted unfamiliar matched faces, the nose receivedganeethan the mouth for
the leftmost face, and for the rightmost face the leftmostegenose received more gaze

than the rightmost eye and mouth.

Effect of face side (left or right of the screen)

The rightmost eye received more gaze on the leftmost faceeatehe leftmost eye
received more gaze on the rightmost face, and this patterrcavasstent regardless of
familiarity and match. For the leftmost face; the eye®ik@d more gaze than the mouth
for the familiar faces and unfamiliar mismatched faces. ther leftmost unfamiliar
matched faces, when they were upright the eyes received gapecthan the nose and

mouth, but when they were inverted the nose received more gaze than the mouth.
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For the rightmost face; the leftmost eye received more tij@rethe other features and this
was consistent across familiarity and match. However the nose rkceore gaze than the

mouth for familiar faces and unfamiliar mismatched faces.

There was also an effect of face and orientation which red¢bat the when the leftmost
face was upright it received more gaze per feature, whehearightmost face received
more gaze per feature when it was inverted, this patternfouasl for the familiar and

unfamiliar mismatched faces.

Discussion

The main aim of this experiment was to establish if there are differenbesv upright

and inverted faces are examined for a matching task. The eye gazerdataed that

there were different viewing patterns for upright and inverted faces. Theengived

more gaze when the faces were upright, whereas mouth and in many intancese
received more gaze when the faces were inverted. This seems to shibwerihat an

overall bias towards the top half of space and the features that reside in thé walb hal
received more gaze. This bias towards the top half of faces and face-li&es digje been
found in previous research using eye movements (Barton et al., 2006) and other studies

(Caldara, et al., 2006; Turati, 2004; Turati, et al., 2002).

Although previous research has reported some qualitative diflesein how upright and
inverted faces are viewed, results have not always been condsteliigs from infants’

exploration of faces showed the nose and mouth were looked at for longer on upeght fac
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as compared to inverted faces, but no significant differences fawend for the eye region
(Gallay et al., 2006). This is completely the opposite to myrigsliand could relate the
participants used, as Gallay and colleagues used infants, whersad adults and there
does seem to be some evidence that young children processliffaently from adults
(Campbell & Tuck, 1995; Campbell, Walker, & Baron-Cohen, 1995; Diamorthé&ey,
1977). Research that has used adults has reported results sintit@aséofound here.
Barton et al. (2006) reported that participants looked morbeatyes and forehead of

upright faces and the chin and mouth of inverted faces.

However not all research has found differences in the way feahneeviewed on upright
and inverted faces. Henderson et al., (2001) found no significant difésremdixation
locations as a function of inversion and in both orientations the eges wewed more
than any other features. Another study also found that the eyearegge be the most
important feature regardless of inversion. In this study a fasepresented embedding in
noise, so that only certain areas of the face were visible. tWeehigh contrast faces were
presented and then viewers had to decide which one had been prepiessliyted. The
results found that the eyes and eyebrow region appeared to be thesafakfor the task

in either orientation (Sekuler, Gaspar, Gold, & Bennet, 2004).

The eyes appeared to be the most important features fornreéongand also for the
matching task, and this confirms other research which has showngbgance of the eye
region for recognition (Henderson et al.,, 2001; Janik et al.,, 1978) aodfaldace-
matching (O’Donnell & Bruce, 2001). There was also a bias forlefieeye which
appeared to receive more gaze than the right eye for mahg ebnditions. The bias for

the left eye has been found previously in studies using eye movefBaritsn et al., 2006)
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and is thought to be due to the right hemisphere specialisatiooesf (&chyns, Bonnar, &

Gosselin, 2002; Vinette, Gosselin, & Schyns, 2004).

Another interesting finding came from the first fixation gsed, which might relate to the
dominance of the right hemisphere for face processing. Theseswkaled a specific
scanning pattern where the majority of participants lookedyfiat the leftmost face and
then at the rightmost face. The perceptual bias of first dasda the left side of faces has
been shown in a variety of other studies (Butler et al., 2005ateMgrSiegmund, &
Grusser, 1993). There is still a debate whether this resultstfi®mght hemisphere bias
for face processing (Rhodes, 1985b, 1993), or is a cultural bias assagoence of
scanning left to right for reading (Heath, Rouhana, & Ghanem, 2005; Vaiddga Si989).
All of these studies used single faces, whilst our study founktiveard bias is persistent

across pairs of faces.

The left to right scanning strategy that was found for face pairs helppltorefindings by
Megreya & Burton (2006). They discovered that when two target faees presented
along with a 10-face line up, subjects performed more accurately tre left face, as
compared to the right face. Although they suggested that this peflédt a left to right

scanning strategy, they did not employ any eye tracking measuresfiashation.

Further analyses from the eye movement data revealed aguingriviewing strategy
where the leftmost and rightmost faces were explored in ditfevays. The leftmost face
had gaze distributed evenly across both eyes and although thmamaghan the nose it

was not statistically significant, whilst the rightmostddtad the majority of gaze to the
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leftmost eye and the other features were viewed significéedk. This scanning strategy
showed that participants did not make a feature-by-feature caopaas suggested by
Walker-Smith, Gale & Findlay (1977), as they did not look at theesBratures on both
faces. Viewers appeared to use more of a global stratégiyng a holistic impression of
the faces. This suggests that when presented with fase yiaiwwers looked initially at the
leftmost face, built up an internal representation using the &y&s1ose and held this in
working memory to compare with the rightmost face. Once ripsesentation had been
created they did not have to view all the features on the right face asdiratthe left eye
was sufficient to make a decision. Research using a scenasomptask suggested that
when presented with two different images, viewers often maintairobjeet in working

memory whilst making a ‘same’ or ‘different’ judgement (Gajew&kienderson, 2005).

Other differences in viewing patterns between the ladt right faces found the rightmost
eye was viewed more on the leftmost face, and the leftmosvayesiewed more on the
rightmost face. This showed that overall the eyes received gaaeewhen they where the
‘inner’ eyes, as compared to being the ‘outer’ eyes. Howeverevgewere not using the
inner eyes alone to make their matching decision as the nosefapgd of the left face

was also used. Therefore viewers were not simply pairing ghttetnost eyes to make

their decisions.

Other analyses for gaze to the left and right faces fountettmost face received more
gaze per feature when upright, whereas the rightmost faceedamiore gaze per feature
when inverted. The left faces receiving more gaze per featuea upright seems logical

as there has been a left visual field bias for faces thabd®s well documented (Burt &
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Perrett, 1997, Butler et al., 2005). However the right bias for thetegd/éaces is more

difficult to explain.

Looking at the task performance, responses were more error wrare the faces were
upside down, especially for the unfamiliar faces. This corrobothtedace inversion
effect found in previous studies, which showed that inverted facesmaee difficult to
recognise than upright faces (Scapinello & Yarmey, 1970; Yin, 1969)e Ms also an
effect of familiarity, but only for familiar faces thiaad different identities, familiar pairs
that were the same person received the same number oft cegganses as the unfamiliar
faces. This seems to show that there was an overall biagytdsame”, which was

especially present for the unfamiliar faces.

General Discussion

Across all three experiments there were some similarities in how tlghtiand inverted
faces were viewed. In Experiment 1; the eyes, forehead and hair receiveedanemwhen
the faces were upright, and when the faces were inverted the mouth receivedzeore g
This pattern was similar for Experiment 2; the eyes received morendezethe faces

were upright and the mouth received more gaze when the faces wetednfer
Experiment 3 the effect of inversion was the same, the eyes receivedamer@hen the
faces were upright and the nose and mouth received more gaze when the faces wer
inverted. Taken together the findings from all three experiments appdmwdisat there
was an overall bias for the top half of space and the features that resided in the top ha
were looked at for longer. The bias to look more at the features that residgap half of

space has been found in previous research that used eye movements (Barton et al., 2006)
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and other studies have also found a bias for the top halves of faces and face-like objects

(Caldara et al., 2006; Turati et al., 2006; Turati et al., 2002).

Inversion appeared to increase gaze to features that usually resideoinghbdlves of

faces, and it also had an effect on the distribution of gaze across the fdadures
Experiment 1 inversion decreased the bias for both eyes, but the bias for the left ey
remained and the other internal features all received similar amouratseofExperiment 2
found a similar pattern; the eyes received more gaze than the other féatupagght

faces, but when the faces were inverted all the internal features redeitad@mounts of
gaze. For Experiment 3 there was a bias for the left eye in both orientationsghowe
upright faces the right eye received more gaze than the nose and mouth, but whassthe fa
were inverted the gaze to the nose increased and for some conditions it wastdoked

longer than the right eye and mouth.

Differences in viewing patterns for the upright and inverted faces could ke difeerent
types of processing. When the faces are upright viewers are able to dinvéistia
impression of the face, however when the face are inverted the task becomesfficalt
and viewers have to look at more of the internal features. For upright fasess/ere
using holistic or configural processing by fixating on the eyes, whereas thie faces are
inverted viewers use featural or piecemeal processing and have to locthatiadérnal
features to make a matching or recognition decision. If this is the casta¢haifferent
viewing patterns for upright and inverted faces support previous research ¢ thatF
has shown that faces are processed differently when inverted (Frier608; Searcy &

Bartlett, 1996).
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The bias for the eyes that was found in all the experiments has been reported previousl
using eye movement studies (Henderson, et al., 2001; Janik, et al., 1978). For Experiment
1 and 3 there was also a bias for the left eye. Again this has been found in other studies
using eye movements (Barton et al., 2006) and in studies that have employed the bubbles
technique (Schyns, Bonnar, & Gosselin, 2002; Vinette, Gosselin, & Schyns, 2004). Along
with the bias for the left eye, Experiment 3 found there was a bias for tifackefind the
majority of first fixations were made to the left face. The leftward foafaces has been
documented in a variety of other studies (Burt & Perret, 1997; Butler et al., 200Bnbert

et al., 1993). It is still being debated whether the leftward bias is due to aeigigphere

bias for faces processing (De Renzi & Spinnler, 1966; Rhodes, 1985b, 1993), or if the bias
is related to directional scanning for reading left to right (Heath, Rouhanha&ein,

2005; Vaid & Singh, 1989). Whatever the explanation, it seems that the leftwairfdibia

faces is also apparent when presented with pairs of faces, and this could haaiongli

for presenting pairs of faces or even arrays containing several facesdes@s of crimes.
Megreya and Burton (2006) have already shown that when participants are prestmte

a pair of faces and a 10 face array, viewers are poorer to match the faegightt as

compared to the face on the left.

There are also other factors that can influence face-matchingibsgits might help to
explain the differences in performance and viewing patterns found for Exgmésia & 3.
For Experiment 2, there was a scanning strategy where the viewers lookédantie

inner eyes (left eye on right faces & right eye on left face) and scanwveekbethem and
the outer eyes and other features received very little gaze. In Expe8riee pattern was
similar but not as clear, although the inner eyes received more gaze toatetheyes, the
bias was not as strong as was found in Experiment 2. There was not as strongraligas f

right eye on the left face and both eyes received more gaze than the othesfeatur
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although there was still a bias for the left eye on the right face. Diffescbetween the
experiments could be due to the same images for faces being used in Exip2riamnel

different images for the same person being used in Experiment 3. Previoushréssa

shown that using the same images of faces can lead to increased recogtasdBruce,

1982) and in Experiment 2 perhaps the task was so easy viewers did not have to look at al
the features on each face to make a matching decision. Whereas fomexp&rthe task

was more difficult and viewers had to look at the eyes and nose on the left$gdauild

up an internal representation and then compare it to the right face.

The viewing patterns obtained across the two face-matching tasks appear thattow

the upright faces viewers did not use a feature by feature comparison asexigges
Walker-Smith, Gale and Findlay (1977), as they did not have to look at the ssorede

on both faces. For Experiment 2 they mainly used the inner eyes and for Experihegnt 3 t
used mainly the eyes and nose of the left face and then the left eye on theeglittfe
viewers were not using a feature-by-feature comparison, then were thgynaie of a
holistic or configural strategy? When the faces were upright fewenésavere viewed
therefore this might indicate holistic or global processing, whereas Wwadades were
inverted the gaze to the internal features was more evenly distributed ancheoeldre

be interpreted as featural processing.

For all the experiments there was no clear pattern that familiar andiliafdates were
viewed in different ways. Other studies have found little differences inmepatterns as

a function of familiarity (Henderson et al., 2001; Henderson et al., 2005), althougtsthere i
a study that did find differences in how familiar and unfamiliar faces @amined

(Althoff & Cohen, 1999). In their study Althoff and Cohen asked participants to make

fame and emotion judgements, and reported that less time was spent lookenmatiths
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of famous faces for the fame task and more time was spent looking dt theléor the

emotion task.

There was also no clear pattern that faces that matched or mismatcbedewed
differently from one another. Stacey et al. (2005) found differences in howdasedhat
matched and those that mismatched were viewed, however they used only tvad areas
interest, internal feature and external features. They found that themoragaze to the
internal features when faces matched (mean .95) than when they did not match (.92),
although there was overall more gaze to the internal features regartiteatch and

familiarity.

Finally the task performance for Experiment 1 and 3 confirmed the expectesionve
effect and participants performed less accurately when the faceswered. This

pattern was not found in Experiment 2 as all the participants performed iag tevels, as
the task was too easy. The inversion effect has been well documented and thisse res
support those that have also found a considerable disadvantage for recognising inverte
faces as compared to other inverted stimuli (Diamond & Carey, 1986; Scapinello &

Yarmey, 1970; Yin, 1969).
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Chapter Three

The influence of presentation layout on
face matching and viewing patterns.
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Introduction

As the preceding chapter has shown, inverting a face not only eeduatching
performance, but also changes the viewing pattern to the feafurespurpose of this
chapter is to investigate whether changing the way faces pa#r presented influences

matching performance, and the way in which the faces are viewed.

Do multiple faces influence recognition and matchig?

Deciding whether two face images are the same persotrérely important for forensic
and security purposes, but little research has focused on whetkentprg several faces
influences recognition, or matching. Clifford and Hollin (1981) shopaaticipants either
a violent or a non-violent videotaped act, with a perpetrator who wWwae a@lone, or with
two or four accomplices, and then an unexpected ten-person identifiagomp. They
found that the number of perpetrators affected the identificatidgheofmain perpetrator
and for the non-violent act recognition rates dropped from 40 % fotdhe eondition, to
30% when accompanied by two others, and to 20 % when accompaniedrhbytters.
Participants who viewed the violent act were also influenced by nilmaber of
perpetrators, identification dropped from 30 % for the alone condition té&620hen
accompanied by two others, and then 10 % when accompanied byHets. atherefore it

appeared that as the number of perpetrators increased, accurate identifieateased.

Other research has also confirmed that viewing more than one parsauaversely affect
identification. Shepherd (1983) presented participants with a video ahemoasking for

directions and then after a delay of either one or four months, theypsesented with a
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line up that either contained either one, both or neither targetsteshits showed that
although there was no significant effect of delay, only 1 owtQoparticipants correctly
identified both targets and accuracy was 20 % for identifyingobriee targets from line-

ups that contained either one or both targets.

The number of perpetrators not only affects whether they &ee identified, but also
appears to influence viewers’ descriptions. Fashing, Ask and Gygab84) compared
real life descriptions of withesses of bank and post officeendbd, with the actual video
footage of the event. They found that witnessing two perpetrabonsnit a crime, led to

less accurate descriptions, compared to only witnessing one person.

Being presented with two faces for a memory task also leEag@sorer recognition than
when only one is presented. Megreya and Burton (2006) presented padigytangither
one or two target faces and then after a 10 second delay theghavn a 10-face line up.
In the single face condition participants accurately identified 98.58f the target faces,
however in the two-face condition, participants were only able to fgenmie of the faces
34 % of the time. Participants incorrectly stated the taigest was not present (misses)
more often in the two-face condition (44 %), than the one face conditioP)3Faces
were also more likely to be misidentified in the two-face cooli{R2 %), as compared to
the single face condition (9.5 %). This seems to show that thenpagéisn of a face pair
significantly influences whether either of those faces will be itiedtibut is this related to
having to store two faces in memory, or do the two faces someatierfere with each

other when they are being encoded?
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In a third experiment Megreya and Burton (2006) presented partisipvith either one or
two target faces along with a 10-face line up, this placesdfawands on memory as the
target faces do not need to be memorised. For the single facéaapnofarticipants made
a correct match 70 % of the time, but for the two-face conditiamraa match was made
only 53.9 % of the time. In the two-face condition viewers wese ahore likely to
misidentify a target face (24.5 %), than in the single fa4@e3(%). This showed that the
two-face disadvantage occurred at the encoding stage, and somehiaeethénterfered

with one another.

In a further experiment Megreya and Burton (2006) presentedegptac with a 10-face
line up and the faces were either near to each other (1 cnm apéat apart (8 cm apart).
They proposed that when the faces were further apart the arraseeayess cluttered and
they may not interfere with one another as compared to beingrdogether. They
reported there were significantly more correct matcheshiifar condition (57.8 %), as
compared to the near condition (50.2 %). There were also fewsgesnifor the far
condition (23.4 %) as compared to the near condition (30.4 %). This showduetigaivas
an advantage for the matching task when the faces weherfapart and they seemed to
interfere with one another less. An additional finding was thabreses for the face on the
left were significantly more accurate than the right faoe, this was present for both the
near and far conditions. It was suggested that participants tmeghsing a left to right
scanning strategy, whereby the face on the left is viewstdaind somehow interferes with
encoding the face on the right, however they had no eye tracldagumements to confirm

this.
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Interference from faces.

The research described so far has shown that presenting momnéhéace can influence
recognition rates, descriptions and also matching performancesaéms to show that
faces can interfere with each other on the encoding level.eTiseresearch that has
investigated whether faces can influence how we attend to othel wigmuli, such as
non-face objects, names and even other faces. Studies of visn#batteave shown us
that faces can capture our attention and in a change blindness pafatiigre viewers are
shown a scene and asked to notice whether there has been g thameges an advantage

for faces when they compete with other non-face objects (Ro, Russell, & Lavie, 2001)

When faces are presented along with names for a categoritgk, e.g. classifying faces
or names as either pop stars or politicians, incongruent fatedere more with the
categorisation of printed names, than printed names interfehethngt categorisation of
faces (Young, Ellis, Flude, McWeeny, & Hay, 1986). Faces &so down classification
decisions when presented as flanker items on the periphery of allgemtesented name,
if they are incongruent with the target word. Presentationnoupright face delays
categorisation of a peripheral target more than the presentation of othatrimiajges, such
as; fruit or flags, inverted faces and even names (Bindemann, BuoggeHJenkins, &
de Haan, 2005). Although the distracter faces appeared to iptevifier the processing of
other non-face items, they did not interfere when the centralgepted item was a face,
which seems to suggest that only one face could be processed taner(@indemann,
Burton, & Jenkins, 2005). Another study which found that flanker faloeged down
name classification also found that the presence of an additional ddated the
interference, which seems to show that faces are stimulkdahatompete with one another

for attention (Jenkins, Lavie, & Driver, 2003).
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There does seem to be some evidence that even when perceptualtesddemands are
high, faces still can capture, or hold our attention. In a namehse@rtask, participants
were shown a series of letter strings along with a flafde they were asked to ignore. It
was found that increasing the perceptual load by increasinwithber of letter strings did
not reduce the interference from incongruent faces. However tigesame task was
carried out with objects (such as fruit, or musical instrumentgeasing the perceptual
load reduced the effect of incongruent distracter items (Lawe&RRussell, 2003; Ro,
Russell, & Lavie, 2001). This showed that even when the perceptual loggth;isaces can
still capture or hold attention, whereas the distracter itentsatieaother objects can be

unattended.

One study investigating covert recognition used a priming takkre letters were
superimposed on a face, and the perceptual load was manipulatekirtyy sajects to
either categorise the colour of the letters (red or blue), orfoogpecific letters (N or Z).
When participants were later given a recognition test, thexg faster and more accurate
for recognising the old items in both the low and the high load conditiansthey were to
new faces (Jenkins, Burton, & Ellis, 2002). This showed that evdreihigh perceptual
load condition, faces received the same amount of priming as thtse liow condition.
This suggests that even when other resources compete for entioatt faces are still

processed on some level, whether they are explicitly remembered or not.

There is some evidence that faces processed under conditions where therke deanaitd
upon our attention, may not always be fully processed, or the peesérseveral faces
may interfere with one another. In a study that examined divédiestion and face

recognition; a target face was presented either aloneafteltion), in the middle of two
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flanking faces that participants were asked to ignore (fidh&ion), or in the middle of the
two faces that participants were asked to match (dividedtatn). The participants were
then shown either whole faces, or isolated features and had to dédateface had been
previously presented. In the full attention condition participants better with the whole
faces than the isolated parts, however for the divided attentiom waexr no difference in
performance for the whole faces, or isolated features. It suggested that dividing
attention eliminated holistic processing of the centrally presefdce and that viewers
were using more of a featural or piecemeal form of proce¢Bialgrmo & Rhodes, 2002).
If presenting more than one face at a time influences how faces arespchaesuld this be
reflected in other measures such as the eye movements producecexamining the
faces? Also if changing the way faces are presentedc(esg together or far apart) makes

matching easier or more difficult, could this also be reflected in eyements patterns?

Eye movements and face matching.

So far, there has been no research that has specificallyrecmhether the manipulation
of face presentation for a matching task influences the veag fare viewed. Research that
used eye movements measures to investigate face matchifaphdgshat when faces are
presented side by side (one full face and one three-quarter$ thatvviewers look
significantly more at the internal features than the extefeatures, regardless of
familiarity (Stacey, Walker, & Underwood, 2005). When facegpaesented one on top of
the other it appears that the top parts of the face are viergedifid that the majority of
fixations are between the eyebrow and mouth region. It was conclhdegdrticipants
have to look at the same features on each face to make a matchinghd®¢edicer-Smith,

Gale, & Findlay, 1977).
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There are several studies that have used single faces toeetiploithey are viewed during
recognition tasks. They have found that the majority of time spewing the eye region,
followed by the nose and then mouth (Althoff & Cohen, 1999; Henderson et al;, 200
Henderson et al., 2005; Janik et al., 1978), also the most commonngcamategy was to
fixate on the left eye, to right eye to left eye and vicesadGroner, Walder, & Groner,
1984). There also appears to be a leftward bias for faces emadajbrity of first fixations
are to the left side of the face (Butler et al., 2005; Mer&¢rad., 1993). However so far no
one has confirmed whether this leftward bias for facesgadseralises to pairs of faces for

a matching task.

The aim of this chapter is to examine whether changing the layout i.e. theevagés are
presented, not only changes matching performance, but also difegtshe faces are
viewed. Two face matching experiments were conducted, the fast similar to the
Megreya and Burton (2006) experiment 4, except only two faces pvesented for the
matching task and they were presented either close togeth&ar apart. The second
experiment was similar to that by Walker-Smith, Gale and &in¢lL977) in that for one
condition the faces were presented vertically one on top of the, dibveever the faces
were also presented side by side, but misaligned so that thighkexft or the right face was

higher.

Experiment 4

In this experiment the distance between the faces was mangpstathat they were either
close together or further apart. Megreya and Burton (2006) foundntiet faces are
presented further apart (8 cm) that performance for matching phafiaces to a 10-face

line up was more accurate than when faces were presented tolgsirer (1cm apart).
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They suggested that pairs of faces in close proximity influeaché other, so a matching
decision is impaired. If the distance between a pair of faces idfdesnce a matching
decision, then there may well be differences in viewing peteetween faces that are

closer together or further apart.

Method

Participants

24 participants took part in the study (13 female). All were siisder members of staff at
the Department of Psychology, Glasgow University. All were ableecognise faces

displayed via a monitor without glasses. The participants were paid ifiotinne

Stimuli

The stimuli consisted of 120 faces, half were celebrities arfdMeae unfamiliar people
from an in-house database. All the faces were male, and presergeads. Half of the
pairs were presented with 10cm between each face and half with Zhe pairs were
either two faces of different identities, or they were twdedént images of the same

person (see figure 3.1).

All the images were converted to grey scale and cropped atbanf@dces, so they were
presented on a white background. Each face was approximately 13.5 df om,
subtending a visual angle of 7.7 and 5.7 degrees and a resolution ofl[82pixach. The
stimuli were presented on 21 inch Belinea TFT flat screen moritoneter from the

participant using E-Prime software.
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Figure 3. 1 Examples of stimuli; unfamiliar mismatded near and unfamiliar matched far.

Apparatus

Eye tracking data were recorded using a non-invasive remet&ragking device (RED)
from Senso-Motor Instruments, which was placed on a table below théomdaye
movements were captured using lview version 2.3 software and theipgaauts were
calibrated using a 9-point display screen, before stimuli prasemt Participants had
Asden HS35s headphone/ microphone combination headsets, so that thegbleete

communicate with the experimenter in the other room.

Design & Procedure

The experiment employed a 5-factor within subjects design. Téeviariable was face
(leftmost/rightmost), the second was familiarity (familisfamiliar), the third was match
(match/mismatch), the fourth was distance (near/far), andfitte features viewed
(leftmost eye, rightmost eye, nose and mouth). Participants mstradted that they would

be presented with pairs of familiar and unfamiliar faces, and thgk was verbally to

102



indicate whether the faces were the ‘same’ person, or dfferent’ people. Each pair

was presented for 2 seconds.

Analysis

The preliminary analysis of eye gaze data began by aswegavhether there was a
sufficient capture rate of all eye gaze data for eachicpmnt. Using the Iview 2.3
software, the viewing time for each face was analysededew much of the data was
undefined, (i.e. gaze not recorded within the areas of interesile lindefined data was
higher than 30 percent, then the subject’s data was discarded. 8 lgazydata loss may
occur through head movement, blinking, hand gesticulation obscuringftaeed beam,
or untraceable eyes. 30 patrticipants were tested, howeverté badliscarded as the eye
gaze data fell below the capture criteria of 70 percent. 24 participargsiged in the final

analysis.

The faces were divided into 4 areas of interest (AOI) craaady Iview 2.3. They were
the; leftmost eye, rightmost eye, nose and mouth. The AOI wene the perspective of
the viewer, therefore the leftmost eye was always on thé&deft the viewer’'s perceptive.
Separate AOI were created for each individual face as tles fam vary in configuration.
Eye gaze data with fixations shorter than 100 ms were destand line with comparable
studies (see Baron, 1980, Fischer et al., 1989). Only the data fertfetevere correctly

categorised as being the ‘same’ or ‘different’ were used in the analysis.

Eye gaze data were converted to proportions of gaze per féatwach face, as the gaze

duration and the number of fixations could differ across subjects. dpention of gaze to
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features was calculated across the two distance conditionsfdnesw/ that they could be
directly compared, as preliminary analyses using the glazation found differences
between the two distance conditions. Because the proportions werkatealacross two

trials, the sum of proportions for the four faces was equal to 1.

Results

Task performance

Figure 3.2a shows the mean correct responses for the farades &t both distances and
figure 3.2b shows the mean correct responses for unfamiliar fabeshadistances. A 3-
factor ANOVA: Familiarity (familiar/unfamiliar) x Mate (match/mismatch) x Distance
(near/far) was performed on the response data. It revealedhé¢natwas a main effect of
familiarity; familiar faces received more correct resparban unfamiliar faces (95 vs. 85
%, F (1, 23) = 39.4, p < 0.01). There was also a significant 3-wayaatit@n for
familiarity, match and distance, (F (1, 23) = 13.5, p < 0.05). Theysinadf the simple
simple main effects revealed that familiar faces recein®re correct responses than
unfamiliar faces for all conditions, (p < 0.05), except for the nemtdiar faces, (F < 1).
Overall there was no significant effect of distance forfemiliar faces, however it did
seem to influence performance for the unfamiliar faces. drfamiliar matched faces
received significantly more correct responses when they wesemed far apart, as
compared to being near to one another (F (1, 23) = 46.8, p < 0.01), however when the face

mismatched, distance had no significant affect on responses.
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Figure 3.2a. Mean percentage correct for familiar mtched and mismatched faces, near and far.
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Figure 3.2b.Mean percentage correct for unfamiliar matched andmismatched faces, near and far.

Location of first fixation

The location of the first fixation for each trial was exaed to see if viewers looked
initially at the rightmost or leftmost face. A paired samptest found that viewers made
significantly more first fixations to the leftmost face thée rightmost face (83.3 % vs.
16.7 %; t (23) = 7.3, p < 0.01). This was an extremely strong effetivill be explored

further in chapter 5 where a full analysis will be carried out.
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Proportion of gaze to features

Data were analysed by a 5-factor ANOVA: Familiaritgn(iliar/unfamiliar) x Match
(same/different) x Distance (near/far) x Face (leftiinggttmost) x Feature (leftmost eye,
rightmost eye, nose, and mouth). There was a main effect of distaedaces in the near
condition received significantly more gaze per feature than ttzosaphrt (.08 vs. .05; F
(1, 23) = 75.1, p < 0.01). There was a main effect of face, with thenoghtface receiving
more gaze per feature than the leftmost face (.07 vs. .05; F (3,283, p < 0.01). There
was a main effect of features (F (3, 69) = 30.4, p < 0.01), the l¢f{mMO3 and rightmost
(.10) eyes received proportionately more gaze than the nose @4llahese features
received more gaze than the mouth (.003). There were also tmdicsint 4-way
interactions for; familiarity, distance, face and featureg3(F69) = 3.0, p < 0.05), and
match, distance, face and features (F (3, 69) = 4.6, p < 0.01). Theakatherefore split
into four sets and four separate 3-factor ANOVAs were perforfoedthe familiar

matched, familiar mismatched, unfamiliar matched and unfamilianatched faces.

Familiar Matched Faces

Figure 3.3a shows the mean proportion of gaze to features forifiattes near condition,
and figure 3.2b shows the mean proportion of gaze to features ferféacapart. Results
from the 3-factor ANOVA performed for the familiar matchedes found a main effect of
distance, the near faces received significantly more gezéepture than those far apart,
(.8 vs. .05; F (1, 23) = 75.1, p < 0.01). There was a main effect oftfecaghtmost face
received more gaze per feature than the leftmost face (.Q@5ysk (1, 23) = 23.3, p <
0.01). There was a main effect of features (F (3, 69) = 30.4, p < @h@lleftmost eye

(.10) and rightmost eye (.10), received more gaze than the nosarid4mouth (.003).
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There was also a significant 3-way interaction; for distafaz® and features (F (3, 69) =

11.9, p < 0.01).
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Figure 3.3a.Mean proportion of gaze to features for familiar mached near faces.
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Figure 3.3b.Mean proportion of gaze to features for familiar mached far faces.

The analysis of the simple simple main effects for the mligtaface and features
interaction revealed when the faces were near one anotherftheskeeye on the leftmost

face received significantly more gaze than when the faees far apart (F (1, 23) =5.9,p
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< 0.05). A similar pattern was found for the leftmost eye (F (1723§6.0, p < 0.0) and
rightmost eye (F (1, 23) = 21.0, p < 0.01) on the rightmost face, thelwedcmore gaze
when the faces were near, than when they were far aparanBestappeared to have no
significant effect on gaze to the nose or mouth of either facideorghtmost eye on the

leftmost face (F < 1).

The gaze to features also varied in relation to the face sghenfost/leftmost face) and
the rightmost eye received significantly more gaze on thendstt face and this was
significant when the faces were near (F (1, 23) = 6.5, p < 0.05) nagde (F (1, 23) =
46.7, p < 0.01). Whereas the opposite pattern was found for the leftmost regejved
significantly more gaze on the rightmost face and this wasfgiant when the faces were
near (F (1, 23) = 272.4, p < 0.01) and far apart (F (1, 23) = 46.7, p < 0.01kitkadtead

no significant effect on gaze to the nose and mouth (F < 1).

Planned comparison t-tests were carried out on the gaze to inditeduates to see if
there were significant differences in proportions of gaze forldftmmost and rightmost
faces at both distances (near/far). The results for th@dst face in the near condition
found the rightmost eye received more gaze than the leftmogt @& = 2.81, p < 0.01),
and comparisons with the other features produced higher t valbesame pattern was
found in the far condition, with the rightmost eye receiving momze ghan the leftmost
eye (t (23) = 3.81, p < 0.01) and comparisons with the other feattoesced higher t
values. For the near rightmost face, the leftmost eye recsigeificantly more gaze than
the rightmost eye (t (23) = 5.58, p < 0.01) and comparisons with the fadteres
produced even higher t values. For the far rightmost face, theokifeye received more

gaze than the mouth (t (23) = 3.46, p < 0.01).
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Familiar Mismatched Faces

Figure 3.4a shows the mean proportion of gaze to features on fatesetle near one
another and figure 3.4b shows the mean proportion of gaze to featui@sesrthat were

far apart. Results from the 3-factor ANOVA performed foe familiar mismatched faces
found a main effect of distance, when the faces were neardbeived significantly more
gaze per feature than when they were far apart, (.7 vs. .05; F (£, 28p, p < 0.01).
There was a main effect of face, the rightmost face redengre gaze per feature than the
leftmost face (.07 vs. .06; F (1, 23) = 6.0, p < 0.05). There was rfiact ef features (F

(3, 69) = 29.4, p < 0.01); the leftmost eye (.10) and rightmost eye (.11), received n®re gaz
than the nose (.05) and mouth (.003). There was also a significant iBtesaction; for

distance, face and features (F (3, 69) = 7.5, p < 0.01).
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Figure 3.4a Mean proportion of gaze to features fofamiliar mismatched near faces.
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Figure 3.4b.Mean proportion of gaze to features for familiar msmatched far faces.

The analysis of the simple simple main effects for the mligtaface and features
interaction revealed for the near faces, the leftmost eyeh@reftmost face received
significantly more gaze than when the faces were far @pdft, 23) = 26.9, p < 0.01), the
opposite pattern was found for the rightmost eye on the leftmas{fFad, 23) = 22.1, p <
0.01), it received more gaze when the faces were far aparth&orghtmost face, the
leftmost eye (F (1, 23) = 264.8, p < 0.0) and rightmost eye (F (1, 23) 9 4£4).05)

received more gaze when the faces were near, than when éneyfav apart. Distance

appeared to have no significant effects on gaze to the nose or mouth of either fage (F <

The face side (leftmost/rightmost) did have an influence on tgefaatures, the rightmost
eye received more gaze on the leftmost face and this waficgigt when the faces were
far apart (F (1, 23) = 23.6, p < 0.01). However the opposite patterriowmad for the

leftmost eye, it received more gaze on the rightmost faceéhesdvas significant when the

faces were near (F (1, 23) = 80.5, p < 0.01) and far apart (F (1,28H=p < 0.01). The
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face side had no significant effect on the nose or mouth or themiogt eye when the

faces were near (F < 1).

Planned comparisons were conducted to determine if differengegénto features for the
faces at both distances were significant. The results for Hrelefemost face revealed the
rightmost eye received more gaze than the nose (t (69) = 2.54, p n@.61oath (t (69) =
4.58, p < 0.01) and the leftmost eye received more gaze than the m@&h=t2.75, p <
0.01). For the far leftmost faces, the rightmost eye received gaze than the nose (t (69)

= 4.5, p < 0.01) and comparisons with the other features produced higheed. \Fabr the

near rightmost face, the leftmost eye received more drethe rightmost eye (t (69)
5.04, p < 0.01) and comparisons with other features produced higher t, vaheesas the
rightmost eye received more gaze than the mouth (t (69) = 3.42).p1% For the far
rightmost face, the leftmost eye (t (69) = 3.13, p < 0.01) and righeeyestt (69) = 2.71, p

< 0.01) received more gaze than the mouth.

Unfamiliar Matched Faces

Figure 3.5a shows the mean proportion of gaze to features for dndagces and figure
3.5b shows the mean proportion of gaze to features for the far Resdts from the 3-
factor ANOVA performed for the unfamiliar matched faces found anmeffect of
distance, the near faces received significantly more gazieqteire than the far faces, (.8
vs. .05; F (1, 23) = 62.5, p < 0.01). There was a main effect of facegtimast face
received more gaze per feature than the leftmost face (.085ysk (1, 23) = 29.3, p <
0.01). There was also a main effect of features (F (3, 69) = 29.6,q1¥% the leftmost eye

(.11) and rightmost eye (.10), received more gaze than the nosarid3houth (.003).
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There was also a significant 3-way interaction; for distafaz® and features (F (3, 69) =

24.1, p < 0.01).
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Figure 3.5a. Mean proportion of gaze to features faunfamiliar matched near faces.
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Figure 3.5b. Mean proportion of gaze to features founfamiliar matched far faces.

The analysis of the simple simple main effects for the mligtaface and features
interaction revealed, the leftmost eye on the leftmost feoeived significantly more gaze

for the near faces than the far faces (F (1, 23) = 5.7, p < 0.G®nikar pattern was found
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for the leftmost eye on the rightmost face, it received mare gédoen the faces were near,
than when they were far apart (F (1, 23) = 248.6, p < 0.01). The righeyeseceived
marginally more gaze in the near condition on the leftmost(fa¢g, 23) = 3.4, p = 0.07)
and on the rightmost face (F (1, 23) = 3.2, p = 0.09). Whilst the nosgeéararginally
more gaze in the near condition, but only for the leftmost faqd,(23) = 4.2, p < 0.05).
Distance appeared to have no significant effects on gaze togtitenost eye, nose or

mouth of either face (p > 0.05).

The face side (leftmost/rightmost) did have an influence on tgateatures, the rightmost
eye received more gaze on the leftmost face, and this waBcsigt when the faces were
near (F (1, 23) = 21.4, p < 0.01) and far (F (1, 23) = 20.7, p < 0.01). Howewgpbsite
pattern was found for the leftmost eye, it received more ga#ieeamghtmost face and this
was significant when the faces were near (F (1, 23) = 292.2, p <ah@Xar (F (1, 23) =
22.1, p < 0.01). The nose also received more gaze on the rightmodiutaties was only
significant when the faces were far apart (F (1, 23) = 9.00®%¥). The face side had no

significant effect on the nose when the faces were near, or the mouth (p > 0.05).

Planned comparisons were conducted to determine if differengegénto the features of
the leftmost and rightmost faces at both distances werefisggni The results for the

leftmost face revealed the rightmost eye received moretbamethe nose (t (69) = 3.63, p
< 0.01) when the faces were near, and comparisons with the aheeeproduced higher
t values. A similar pattern was found when the faces weragdart, the rightmost eye
received more gaze than the nose (t (69) = 3.71, p < 0.01) and compuaitbotiee other

features produced higher t values. The results for the rightnuestdand the leftmost eye

received more gaze than the rightmost eye (t (69) = 8.04, p <\0I&l) the faces were
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near, and comparisons with the other features produced higher t. vidheesghtmost eye
also received more gaze than the mouth (t (69) = 3.08, p < 0.01). Whéghtneost face
was in the far condition, the leftmost eye (t (69) = 3.21, p < 0.01) mgiteye (t (69) =

2.21, p < 0.05) and nose (t (69) = 2.54, p < 0.01) all received more gaze than the mouth.

Unfamiliar Mismatched faces

Figure 3.6a shows the mean proportion of gaze to features on the near faces ar®gigur
shows the mean proportion of gaze to features on the far fagssltfkfrom the 3-factor
ANOVA performed for the unfamiliar mismatched faces foundaan effect of distance,
when the faces were near they received significantly mome gazfeature than when they
were far apart, (.7 vs. .05; F (1, 23) = 43.2, p < 0.01). There waseeffect of face, the
rightmost face received more gaze per feature than timeostfttace (.08 vs. .05; F (1, 23)
= 23.5, p < 0.01). There was also a main effect of features (F (3, )/, p < 0.01); the
leftmost eye (.11) and rightmost eye (.10), received more derethe nose (.04) and
mouth (.005). There was also a significant 3-way interactiondistance, face and

features (F (3, 69) = 4.7, p < 0.01).
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Figure 3.6b.Mean proportion of gaze to features for unfamiliarmismatched far faces.

The analysis of the simple simple main effects for the mligtaface and features
interaction revealed that distance did not have any significart effegaze to features on
the leftmost face (p > 0.05 for all features), however it flielcagaze to features on the
rightmost face. When the faces were near, the leftmost etfleeaimghtmost face received

significantly more gaze than when the faces were far apdi,(23) = 175.0, p < 0.01).
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The same pattern was found for the rightmost eye on the righfatestand it received
more gaze when the faces were near (F (1, 23) = 5.3, p < 0.05nd@istppeared to have

no significant effects on gaze to the nose, or mouth (p > 0.05).

The face side (leftmost/rightmost) did have an influence on gaZeatures, and the
rightmost eye received more gaze on the leftmost face anavdisisignificant when the
faces were near (F (1, 23) = 14.2, p < 0.01) and far apart (F (& 23)0, p < 0.01).
However the opposite pattern was found for the leftmost eye, ivegcmore gaze on the
rightmost face and this was significant when the faces wexe (fe(1, 23) = 189.3, p <
0.01) and far apart (F (1, 23) = 42.1, p < 0.01). The face side had nacaigreffect on

the nose or the mouth (p > 0.05).

Planned comparisons were conducted to determine if differengegénto the features of
the leftmost and rightmost faces at both distances weretistdlys significant. For the
leftmost face, the rightmost eye received more gaze thateftingeost eye and this was
significant when the faces were near (F (69) = 3.71, p < 0.01), ancadsoms with the
other features produced higher t values. A similar pattern was fobed the leftmost
faces were far apart, the rightmost eye received moretigazehe nose (t (69) = 3.67, p <
0.01) and comparisons with the other features produced higher t vahgeeshlts for the
rightmost face found the leftmost eye received more gaze lieamnghtmost eye (t (69) =
3.71, p < 0.01) when the faces were near, and comparisons with the atheede
produced higher t values. When the rightmost face was in theofalition, the leftmost
eye received more gaze than the rightmost eye (t (69) = 2.79,Ql¥ and comparisons
with the other features produced higher t values, whilst the ragiteye received more

gaze than the mouth (t (69) = 2.25, p < 0.05).
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Results summary

The analysis of the eye gaze data found that although theeetwe 4-way interactions
for; familiarity, distance, face and features and match, rdistaface and features the
patterns across familiarity (familiar/unfamiliar) and nmagenatch/mismatch) were very
similar. There was a main effect of distance, face and fsateross all conditions. The
main effect of features revealed that the eyes received gaze than the nose and mouth

for most of the conditions; more specific differences are explained below.

Effect of distance

The effect of distance found that overall when the faces neae one another, more gaze
was received per feature than when they were far apart. Further arfalyse the leftmost
eye received more gaze for the near faces for all of dmslittons, except for the
unfamiliar mismatched leftmost face. When the faces weaeoree another there was also
increased gaze to the rightmost eye, but only for the familismatched and unfamiliar
mismatched rightmost faces. For the familiar mismatchiahdest face, the rightmost eye
received more gaze when the faces were far apart. Disdppeared to have no significant

effect on gaze to the nose and mouth.

Effect of face side (left or right of the screen)

The main effect of face side was that the rightmost eysvwed more gaze on the leftmost

face and this was statistically significant for all conditioescept for the familiar

mismatched faces when they were near. The opposite patterrouves for the leftmost
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eye it received more gaze on the rightmost face and thistatgsically significant for all

conditions.

For the leftmost faces in the familiar matched and the untm{imatched and
mismatched) conditions, the rightmost eye received more gawe al of the other
features, and this was significant at both distances. For timeokdfttaces in the familiar
mismatched condition, the rightmost eye received more gaze tithe &atures when the
faces were far apart, but only received more gaze than theandseouth when the faces

were near.

For the rightmost faces, the leftmost eye received mare tgan all the other features,
when the faces were near. When the faces were far apakeftthest eye received more
gaze than the other features on the rightmost face, but this wasignificant for the
unfamiliar mismatched faces. When the faces were far apartjghtmost eye received
more gaze than the mouth for the familiar (matched & midmedic and unfamiliar
matched faces. The rightmost eye also received more gar¢hihanouth for the all the
familiar and unfamiliar faces when they were far apart/swkiie nose received more gaze

than the mouth for the unfamiliar matched faces when the faces weraffar ap

Discussion

The aim of this experiment was to see if the results froegrigya and Burton’s (2006)

study could be replicated. They reported that when unfamilias faeee closer together,

matching was more error prone than when faces were furthetr, apd suggested when
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faces are in close proximity they can influence each otheoth&r main aim was to
investigate whether manipulating the distance between the Wacdd influence the

viewing strategies whilst carrying out the task.

The eye gaze data for this experiment appears to show that althoughdhereteractions
involving familiarity and match, when these factors were s#pdrand separate analyses
performed, the overall patterns were very similar. Distamcthe other hand did appear to
influence how the faces were viewed and the majority of timeyke received more gaze
when the faces were close together than when they were rfaplagt, especially the
leftmost eye on the rightmost face. Overall, the eyes retaivare gaze than the other
features which confirms the results of previous studies (AlthoffC&hen, 1999;

Henderson et al., 2001; Henderson et al., 2005; Mertens et al., 1993).

One interesting finding was that the faces received diffguatierns of gaze when they
were on the left of the screen as compared to being on theafigie screen. The
rightmost eye received more gaze on the leftmost face than the rightoesirid in many
cases it received more gaze than the other features on timedefface. However the
leftmost eye received more gaze on the rightmost face, thdineoleftmost face and in
many cases received more gaze than the other features oigtitmeost face. These
patterns were consistent when the faces were both near andtiayghl in the near
condition the pattern appeared to be stronger as the eyes decwve gaze. It appeared
that viewers were looking more at the eyes in the centtbeoScreen and just scanning
between these inner eyes to make a matching decision. This paanilar to that found
by Groner et al. (1984) who found that when exploring single fdwesnbst common

triplet sequence of fixations was from the left eye to reye and then left eye or vice
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versa. In the near condition it could be suggested that the viewgraieng the inner eyes
of the faces as they would as if viewing the eyes of a sfagks however when the faces
are far apart they could not be using this strategy as the vegeld be proportionally

further apart than they would be on a single face.

The eye gaze data seems to suggest that when lookimg taid faces in either the near or
far condition, viewers are using the shortest viewing route podsybleoking at the two
centre eyes. It appears that viewers do not need to look saite features on both faces
as suggested by Walker-Smith et al. (1977) before makingteahing decision as they
look at a different eye on each face. However, Walker-Setith (1977) did not place the
faces side by side; rather they positioned them one on top of threaathéhis might well

influence how the faces are viewed.

The first fixation results found that the majority of firstdtions were to the face on the
left, this is one issue that Megreya and Burton (2006) suggestedtiie results of their
study, but were unable to confirm due to not having any eye moventaniTtie leftward
bias in single faces has been explored by a variety of stindiebave found the majority
of first fixations are made to the left sides of facesti® et al., 2005; Mertens, Siegmund,
& Grusser, 1993; Phillips & David, 1997), however no research has focusédeon
leftward bias for pairs of faces. There is still a deldtether the leftward bias is a result
of the right hemisphere dominance for face processing (Rhodes, 198%, d9&hether it
results from a cultural bias to scan left to right for reaqiigath, Rouhana, & Ghanem,

2005; Vaid & Singh, 1989).
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When looking at task accuracy, overall performance wasrbfettethe famous faces,
except when they were 10cm apart and belonged to the same personts€lgnite
appeared to be more difficult to match the non-famous faces whgnwiie closer
together if they had the same identity. This confirms smiitadings by Megreya and
Burton (2006). They found that when unfamiliar faces were 8cnt,gpeafformance was
better than when the faces were 1cm apart, although #skirvas slightly different, as
they had to match target faces with a 10-face array. Shggested that when the faces
were closer together they influenced one another and could regerfermance.
Additionally when the faces had the same identity, they wergfisgntly harder to match
when they were closer together, than when they were furgiaet. adlowever when faces
belong to two different people, it was easier to discriminatevé®t them, no matter

whether they were close together, or further apart.

Experiment 5

In this experiment the aim was to examine how pairs ofsfagere examined for a
matching task when they were placed vertically one on top of tle ahd also side by
side, but misaligned so that the left or right face was highan the other face. In
experiment 4 viewers used the inner or centre eyes (leftmesirethe rightmost face and
rightmost eye on the leftmost face) more than the other featoresake a matching
decision and seem to carry out this scanning strategy regardless dtémeelbetween the
faces. In Experiment 4 faces were presented side by sid¢harefore the scanning
strategy they used was to use the shortest route possible theages. If the faces are
presented vertically one on top of the other then scanning fiemightmost eye on the
leftmost face to the leftmost eye on the rightmost face molllonger be the shortest

scanning route, therefore will viewers change how they view the faces?
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Walker-Smith et al. (1977) presented pairs of faces one on top offteefor a matching
task and found that the most of first fixations were to the tdpolidthe faces and that the
majority of gaze was to the eyes, nose and mouth. They also conttiatietewers would
need to fixate on the same features on each face in ordeak® anmatching decision,
however they only used 3 participants and 8 pairs of faces. In thesigent a larger

number of stimuli and participants will be used.

Method

Participants

24 participants took part in the study (12 female); all were stad®w members of staff at
the Department of Psychology, Glasgow University. All were ableecognise faces

displayed via a monitor without glasses. The participants were paid ifiotinne

Stimuli

The stimuli consisted of 168 faces, 120 from Experiment 4 plus an additional 48@tes
were celebrities and half unfamiliar people from an in houséds¢a All the faces were
male, and presented in pairs. The pairs were either two fack$eoént identities, or they

were two different images of the same person. They were pedssmithat the faces were
placed either vertically, one on top of the other, misaligned sdhthdace on the left was
higher or the face on the right was higher (see figure 3.7). @hiecpoint between the

eyes of each face was always 12 cm from the other face, in all the conditions.

All the images were converted to grey scale and cropped atbanfdces, so they were

presented on a white background. Each face was approximately 1By c8i5 cm
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subtending to a visual angle of 6.8 by 4.6 degrees and the resolutior2wasels per
inch. The stimuli were presented on 17-inch screen monitor using EvguerBuilder, SR

Research.

G,

Figure 3.7. Examples of stimuli; high right mismatted familiar, high left matched unfamiliar and
vertical mismatched familiar faces.

Apparatus

The participants’ eye movements were measured using the headeth@RtResearch
EyeLink System; data was recorded from only the right €lge stimuli were presented in
four blocks, using Experiment Builder (SR Research). A nine-politraaon was carried

out at the beginning of each block and a drift correction wasnpeed at the beginning of

each trial.

123



Design

The experiment employed a 5-factor within subjects design. Trisé Variable was
familiarity (familiar/unfamiliar), the second was match fomdmismatch), the third was
stimuli layout (vertically/high left/ high right), the fourthas face location (top face/

bottom face) and the fifth was the features (leftmost eye, rightmeshege and mouth).

Procedure

The participants were instructed that they would be presentegaiith of faces, and the
task was to press one key if the pair of faces wereaime person and another key if they

were two different people, and each pair was presented for 2 seconds.

Analysis

The analysis was the same as for Experiment 4, except thavi®eer Software (SR
Research) was used to create the 4 AOI. The gaze duratiocomesrted into percentage
of gaze per feature, as fixations and gaze duration can vaogsasubjects. The
percentages were calculated across the layout condition; schélyatauld be directly
compared. This meant that the sum of percentages for thecex (a in each condition)

was equal to 100 percent.

Results

Task performance

Figure 3.7a shows the mean correct responses for the faiadées and figure 3.7b shows

the mean correct responses for the unfamiliar faces. The casponses for the matching
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task were analysed by a 3-factor ANOVA; Familiarity nffear/unfamiliar), Match
(match/mismatch) and Layout (vertical/ high left/high right)e results from the analysis
found there was a main effect of familiarity; the familiaces received significantly more
correct responses than the unfamiliar faces (92 % vs. 82 %; F (%, 288, p < 0.01).
There was a significant three-way interaction between familiadigntity and layout (F (2,

46) = 3.5, p < 0.05).

The simple main effects for the familiarity, identity anddaly interaction revealed the
familiar mismatched faces received more correct responses than thelianfaismatched
faces in the high right condition (F (1, 23) = 27.0, p < 0.01) and the higtoledition (F
(1, 23) 19.1, p < 0.01). The matched familiar faces received margimalig correct
responses than the matched unfamiliar faces in the high lefttioong (1, 23) = 3.9, p =
0.06). The unfamiliar faces in the high right condition, receivedentorrect responses
when the faces were matched, as compared to being mismatcfled2@ 5.6, p < 0.05).
Layout appeared to have no effect on performance for familias fgce 0.05), but there
were some differences for the unfamiliar matched (F (2, 48.55 p < 0.05) and

mismatched (F (2, 46) = 11.1, p < 0.01).

Planned comparisons found that for unfamiliar matched faces, thase ihigh right
layout received more correct responses than those in the hidgoytait (t (46) = 2.63, p <
0.05). Also unfamiliar mismatched faces received more coresgionses in the vertical
layout than the high right (t (46) = 4.69, p < 0.01) and high left laftq4i6) = 2.74, p <
0.05), and marginally more correct responses in the high left thangheight layout (t

(46) = 1.95, p = 0.057).
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Figure 3.8a Mean accuracy for familiar faces for dllayout conditions.
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Figure 3.8b Mean accuracy for unfamiliar faces forall layout conditions.

Percentage of gaze to features

A 5-factor ANOVA; Familiarity (familiar/unfamiliar), Mech (match/mismatch), Layout
(vertically/high right/ high left), Face (top face/ bottom frneed Features (leftmost eye,
rightmost eye, nose and mouth) was performed on the percentageecdaja. The results
from the analysis found a main effect of layout (F (2, 46) = 4.9,(p05), face in the

vertical condition (4.1) received more gaze per feature than therigigh(3.8), but not
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more than the high left conditions (3.9). There was main effecag, fwith the top face
receiving more gaze per feature than the bottom face (4.1 vsF.317;23) = 8.9, p <
0.01). There was a main effect of features (F (3, 69) = 11.8, p < th@lleftmost eye
(6.5) received the most amount of gaze, followed by the nose (6.0), theghtimeost eye
(2.4) and the mouth (0.9). There was also a significant 4-wayaatien for familiarity,

match, layout and features, F (3, 69) = 2.8, p < 0.05). The datsplitaisito four sets and
four separate 3-factor ANOVAs were performed for the iflam matched, familiar

mismatched, unfamiliar matched and unfamiliar mismatched faces.

Familiar matched faces

Figure 3.9 shows the mean percentage of gaze for the top and botesnfda all the
layout conditions and figure 3.10 shows the mean percentage of gaatutedeor faces
in the all the layout conditions. Results from the 3-factor ANOp&formed for the
familiar matched faces found a main effect of layout (F (2, 46) = 4.1, p < 0.0&3,ifathe
vertical condition (4.4) received significantly more gaze petufeathan those in the high
right condition (4.0), but not the high left condition (4.1). There wasam raffect of
features (F (3, 69) = 11.1, p < 0.01); the leftmost eye (7.0) and nosegéied more
gaze than the rightmost eye (2.5) and mouth (1.0). There waa algaificant two-way
interaction for layout and face (F (2, 46) = 7.2, p < 0.01) and for |layalifeatures (F (6,

138) = 20.5, p < 0.01).

The analysis of the simple main effects for the layout andifaeeaction revealed the top
face received significantly more gaze that the bottom fadesi vertical layout (F (1, 23) =
9.9, p < 0.01). There were also significant differences in the amogatzefto the top face

as a function of layout (F (F (2, 46) = 11.38, p < 0.01), planned comparmams the top
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face received significantly more gaze in the vertical laybah in the high left layout (t
(46) = 2.27, p < 0.05). There were no significant differences in gakettom face as a

function of layout (F < 1).

Otop face
M bottom face

Mean percentage of gaze
S

vertical high right high left

Figure 3.9 Mean percentage of gaze for the top arlibttom familiar matched faces for the layout
conditions.

The simple main effects for the layout and features interacgvealed there were some
significant differences in gaze to the leftmost eye (F (2,448.1, p < 0.01), and the nose
(F (2, 46) = 21.8, p < 0.01) depending on the face layout. Planned ceomsarevealed
the leftmost eye received marginally more gaze in the gt than the high left layout (t
(46) = 1.84, p = 0.07). The nose received significantly more gaze wetheal (t (46) =

4.05, p < 0.01) and the high left layouts (t (46) = 4.04, p < 0.01) than the high right layout.

The simple main effects also revealed that there were ddfeeences in the amount of
gaze to the features in the vertical (F (3, 69) = 4.1, p < 0.01), high right (F (3, 69) = 3.5, p <
0.05) and high left layouts (F (3, 69) = 3.9, p < 0.05). Planned comparmams, for the
vertical faces the leftmost eye received more gaze tlteamouth (t (69) = 2.09, p < 0.05),

and the nose received marginally more gaze than the mouth (t (6937 = 0.057). For
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faces in the high right layout, the leftmost eye received maze than the mouth (t (46) =
2.22, p < 0.05) and there were no other significant differences between the fdaiutbe
high left layout, the leftmost eye (t (69) = 1.81, p = 0.07) and no§8)(&(1.89, p = 0.06)

received marginally more gaze than the mouth.
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Figure 3.10 Mean percentage of gaze to features tre familiar matched faces for the layout
conditions.

Familiar mismatched faces

Figure 3.11 shows the mean percentage of gaze for the top and battsnfiofathe layout
conditions and figure 3.12 shows the mean percentage of gaze tegdaiufaces in all
the layout conditions. Results from the 3-factor ANOVA performed the familiar

mismatched faces found a main effect of layout (F (2, 46) = 3.90190%), faces in the
vertical condition (4.1) received significantly more gaze petufeathan those in the high
right condition (3.7), but not the high left condition (3.9). There wasam reffect of

features (F (3, 69) = 11.3, p < 0.01); the leftmost eye (6.5) and noseg@e8)ed more

gaze than the rightmost eye (2.3) and mouth (0.97). There was sitpufecant two-way
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interaction for layout and face (F (2, 46) = 6.78, p < 0.01) and for layoudeanaes (F (6,

138) = 3.5, p < 0.01).

The analysis of the simple main effects for the layout andifaeeaction revealed the top
face in the vertical layout received more gaze than the bdttoen(F (1, 23) = 11.0, p <
0.01). Also that there were some significant differences e da the top faces as a
function of layout (F (2, 26) = 10.1, p < 0.01) and planned comparisons reviealeapt
face received more gaze in the vertical layout, than the higlayeut (t (46) = 2.2, p <

0.05).

Otop face
M bottom face
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Figure 3.11 Mean percentage of gaze for the top armbttom familiar mismatched faces for the layout
conditions.

The analysis of the simple main effects of the layout andresinteraction revealed there
were some significant differences in the amount of gaze taghenost eye (F (2, 46) =
3.79, p < 0.05) and nose (F (2, 46) = 23.0, p < 0.01) as a function of face Rizouted
comparisons found the rightmost eye received marginally maze gathe high right

layout, as compared to the high left layout (t (46) = 1.73, p = 0.09)ygewafor the nose
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found it received more gaze in the vertical (t (46) = 4.1, p < 0.01) and the higlydeit (&

(46) = 4.22, p < 0.01), than the high right layout.

The analyses from the simple main effects also found there eifferences in the amount

of gaze to features for the vertical (F (3, 69) = 4.2, p < 0.01), high right (F (3, 69) =3.4,p <
0.05) and high left layouts (F (3, 69) = 4.1, p < 0.01). Planned compafmahe vertical
layout found the leftmost eye (t (63) = 2.20, p < 0.05) and nose (t (8335 p < 0.05)
received more gaze than the mouth. For the high right layout timeokdf eye received
more gaze than the mouth (t (63) = 2.33, p < 0.05). In the high left |aheueftmost eye

(t (69) = 1.80, p =0.76) and nose (t (69) = 1.96, p = 0.054) received margioadygawe

than the mouth.
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Figure 3.12 Mean percentage of gaze to features tre familiar mismatched faces for all lay out
conditions.
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Unfamiliar matched faces

Figure 3.13 shows the mean percentage of gaze for the top anch fattes for all the
layout conditions and figure 3.14 shows the mean percentage of gaatutedeor faces
in all the layout conditions. Results from the 3-factor ANOVA penked for the
unfamiliar matched faces found a main effect of layout (F (2, Z&L=p < 0.05), faces in
the vertical condition (4.5) received significantly more gazef@aure than those in the
high right condition (3.9), but not the high left condition (4.1). There wasia effect of
face, and the top face received more gaze than the bottom face.(@.9; ¥ (1, 23) = 7.2,
p < 0.05). There was a main effect of features (F (3, 69) = 12.8, p < h@1gftmost eye
(6.8) and nose (6.6) received more gaze than the rightmost eye (2mpatid(.8). There
was also a significant two-way interaction for layout and {&c€2, 46) = 8.4, p < 0.01)

and for layout and features (F (6, 138) = 3.6, p < 0.01).

The analysis of the simple main effects for the layout and if#egaction revealed for
vertical layout, the top face received more gaze than the bédimen(F (1, 23) = 14.6, p <
0.01). There were some significant differences in gaze to theat®s fas a function of
layout (F (2, 46) = 12.6, p < 0.01) and planned comparisons revealed thegopdeived

more gaze in the vertical layout than the high right layout (t (46) = 2.48, p < 0.05).
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Otop face
M bottom face

Mean percentage of gaze
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vertical high right high left

Figure 3.13 Mean percentage of gaze for the top arzbttom unfamiliar matched faces for the layout
conditions.

The analyses of the simple main effects for the layout aatdries interaction found there
were differences in the amount of gaze to the leftmost ey2, @6) = 5.4, p < 0.01), nose
(F (2, 46) = 14.9, p < 0.01) and mouth (F (2, 46) = 3.7, p < 0.05) in the diffeyentsa
The leftmost eye received more gaze in the vertical than gieléft layout (t (46) = 2.17,
p < 0.05), the nose received more gaze in the high right than the higyéait (t (46) =
3.74, p < 0.01) and the mouth received marginally more gaze in thealémaa the high

right layout (t (46) = 1.8, p = 0.078).

The simple main effects also revealed differences betweemtbant of gaze the features
received to each face as a function of layout this was significant for theaV€Ri(3, 69) =

4.3, p < 0.01), high right (F (3, 69) = 4.1, p < 0.01) and high left layout (F (3, 69) = 4.7, p <
0.01). Planned comparisons found the leftmost eye received more gaze tmaatthand

this was significant for the vertical (t (63) = 2.10, p < 0.05) lsigl right layouts (t (63) =
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2.25, p < 0.05). Whilst the nose received more gaze than the mouth in the high left layout (t

(63) = 2.31, p < 0.05).

5 O lefteye
@righteye
H nose

# mouth

Mean percentage of gaze per feature
N
L

vertical high right high left

Figure 3.14 Mean percentage to features on the unfaliar matched faces for the layout conditions.

Unfamiliar mismatched faces

Figure 3.15 shows the mean percentage of gaze to the top and kaatesidr the layout
conditions and figure 3.16 shows the mean percentage of gaze tedeatufaces in all
the layout conditions. Results from the 3-factor ANOVA performed the familiar
matched faces found a main effect of face, the top facevegteiore gaze per feature than
the bottom face (4.4 vs. 3.9; F (1, 23) = 7.8, p < 0.01). There was a maino¢fieatures
(F (3, 69) = 12.0, p < 0.01); the leftmost eye (6.9) and nose (6.5) receoredgaze than
the rightmost eye (2.6) and mouth (.8). There were also sigmiftevo-way interactions
for layout and face (F (2, 46) = 5.4, p < 0.01) and for layout and fegfu(és 138) = 2.5,

p < 0.05).
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The analysis of the simple main effects for the layout andifaesaction revealed the top
face received more gaze than the bottom face and this wafgcsiginior the vertical (F (1,
23) = 8.7, p < 0.01) and the high right layout (F (1, 23) = 5.1, p < 0.05). Aleo \treze
some significant differences in gaze to the bottom facedwscton of layout (F (2, 46) =
3.6, p < 0.05), however planned comparisons for gaze to the bottom faetedetre

differences were not significant (p > 0.05).

Otop face
M bottom face

Mean percentage of gaze

vertical high right high left

Figure 3.15 Mean percentage of gaze for the top armbttom unfamiliar mismatched faces for the
layout conditions.

The analysis of the simple main effects for the layout aatufes interaction found there
were differences in the amount of gaze to the leftmost ey2, #6) = 6.8, p < 0.01) and
the rightmost eye (F (2, 46) = 4.6, p < 0.05), as a function of theatifféayouts. The
leftmost eye received more gaze in the high left (t (46) = 247 0.05) and marginally
more in the vertical layout (t (46) = 1.95, p = 0.057), than the high laglout. The
rightmost eye received more gaze in the high right than theaiddiout (t (46) = 2.11, p
< 0.05). There were no significant differences in gaze to thearaseuth as a function of

layout (p > 0.05).
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The analysis of the simple main effects also revealed diitesebetween the amount of
gaze the features received to each face as a function of,l#lylsuvas significant for the
vertical (F (3, 69) = 4.5, p < 0.01), high right (F (3, 69) = 2.8, p < 0.05) ahddfigayout

(F (3, 69) = 5.0, p < 0.01)Planned comparisons found for the vertical layout found, the
leftmost eye received more gaze than the mouth (t (69) = 2.07, p <Bo®@3he high right
layout the nose received marginally more gaze than the mouth (t (69) = 1.068)&) =or

the high left layout the left eye (t (69) = 2.23, p < 0.05) and ng&®)t= 2.11, p < 0.05)

received more gaze than the mouth.

5 O lefteye

4 @ righteye
W nose

3 4 mouth

Mean percentage of gaze per feature

vertical high right high left

Figure 3.16 Mean percentage of gaze to features tme unfamiliar mismatched faces for the layout
conditions.

Results Summary

The analysis of the eye gaze data found that although there dvas interaction for;
familiarity, match, layout and features, the patterns adesasgiarity (familiar/unfamiliar)
and match (match/mismatch) conditions were very similar. Thea® a main effect of

layout, which was significant for all conditions, except the unfaminismatched faces.
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The main effect of features was significant across all comdit this found the leftmost
eye received more gaze than the mouth for nearly all conditionis &oane instances the

nose also received more than the mouth; more specific differences aiaezkpkaow.

Effect of Layout

The familiar (matched and mismatched) and unfamiliar matéhees all found a main
effect of layout, whereas the unfamiliar mismatched facesndtd For the significant
cases, faces in the vertical layout received more gazéegtre than those in the high
right layout. The top face also received more gaze in the aktiian the high left layout
for all conditions and more gaze in the vertical layout tharible right layout for the

unfamiliar matched faces.

The amount of gaze to features was also influenced by layouteflimst eye received
more gaze in the high right than the high left layout for thelfammatched faces, more in
the vertical than the high left layout for the unfamiliar matthfaces, and for the
unfamiliar mismatched faces it received more gaze imidje left than the vertical layout.
The rightmost eye received more gaze in the high right thahigieleft layout for the
familiar mismatched faces, and more in the high right than thécaletayout for the
unfamiliar mismatched faces. The nose received more gate imettical and high left
than the high right layout and this was significant for all comalt The mouth received
more gaze in the vertical condition than the high right condition, but forlythe

unfamiliar mismatched.
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There were also differences in gaze to the individual featdepsnding on the face layout.
For faces in the vertical layout, the leftmost eye receiverergaze than the mouth for all
conditions and the nose received more gaze than the mouth for the wfdatks

(matched and mismatched). For faces in the high right layoutettmeolkt eye received
more gaze than the mouth for the familiar faces (matched aaschatuhed) and the
unfamiliar matched faces, whilst the nose received more garettieamouth for the

unfamiliar mismatched faces. For faces in the high left lajfloaitteftmost eye and nose
received more gaze than the mouth for the familiar faceshendrifamiliar mismatched

faces, whilst the nose received more gaze than the mouth for the unfaratt@echfaces.

Effect of face

The main effect of face was only significant for the unfamiliaatched and mismatched)
faces, where the top face received more gaze than the bottenmHiawever there were
significant interactions for face and layout across the conditioms.tdp face received
more gaze than the bottom face when it was in the veléigalit and this was significant
for all the conditions, the top face also received more gazettieahottom for the high

right layout, but this was only significant for the unfamiliar mismatclaeds.

Discussion

The aim of this experiment was to determine if changingméng the faces are presented
for a matching task, not only influences performance, but also alyetivat the faces are
viewed. The eye gaze results found that overall the patternzeftgafeatures across the

different layouts was very similar, although those in the \adrt&yout appeared to receive
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more gaze per feature, than those in the high right or high yefite The increase in gaze
to faces in the vertical layout seems to be specificallyife top faces and there appeared
to be an overall bias towards the top face. The bias towards thelftagb $i@ace has been
found in previous research using faces and face- like objecidai@adt al., 2006; Turati et
al., 2006; Turati et al., 2002) and there was also a bias to look taiptialf of space for

Experiments 1, 2 and 3, described in Chapter 2.

Although there were some differences in the amount of gazatioréds depending on the
layout, there was no clear pattern where one or more featumesstently received more
gaze in one particular layout as compared to another. Overadl dppeared to be a bias
for the leftmost eye and that was consistent regardless of the layout, ther bies|éft eye
has been found in other studies using eye movements (Barton et al., 200 badbles
technique (Schyns, Bonnar, & Gosselin, 2002; Vinette, Gosselin, & Sc204). There
are other eye movement studies using faces that have found ovesel fua the eye

region (Henderson et al, 2001, Henderson et al., 2005, Janik et al., 1978).

In Experiment 5 the gaze to the leftmost eye was consist@otlg than to the mouth, and
the layout did influence the amount of gaze it received, however therrpatas not
consistent. The leftmost eye received more gaze in the high thagit the high left layout
for the familiar matched faces, and more in the vertical, iinaine high left layout for the
unfamiliar matched faces. However for the unfamiliar mismatéheels, the leftmost eye
received more gaze in the high left than the vertical layate layout did seem to
influence the amount of gaze to the rightmost eye and it receioed gaze in the high
right condition, for the mismatched faces (familiar and unfamiliThe nose consistently

received more gaze when it was in the vertical and higHagftuts and this was for all
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conditions. Whilst the mouth received more gaze in the high right camditut only for

the unfamiliar mismatched faces. Overall the gaze to featuaeed little as a function of
layout and the features viewed most were the leftmost eye andoeeregardless of
layout, however in the separate analyses they did not receiveficsigtly more gaze than

the rightmost eye.

In this experiment it appeared that viewers were usindetitrost eye and the nose on
both the top and bottom face equally and the gaze to features dieenote vary for the
top or bottom faces. This seems to show that viewers were loakihg same features on
both faces to make a matching decision, as was suggestai/aye(-Smith, Gale, &
Findlay, 1977), namely the leftmost eye and nose and looked lessrigihtineost eye and

rarely at the mouth.

The face layout appeared to have little effect on the accuranyatching two familiar
faces, however there were some differences as a functioyaaft levhen the faces were
unfamiliar. Responses for the unfamiliar matched faces wereamos prone in the high
left layout, whereas when they mismatched they were most gmoe for faces in the
high right layout and most accurate for faces in the vertaalut. Accuracy may have
been reduced in the high right layout for the mismatched unfanakasfas a result of the
left visual filed bias for faces, however there seems to be nipla explanation as to
why responses would be most error prone in the high left conditiotndomtsmatched

unfamiliar faces.

140



General Discussion

The aim of this chapter was to investigate whether manipuldbiegway faces are
displayed can influence the viewing patterns and matching peafae. In Experiment 4,
the faces were presented side by side and were either neae tanother or far apart,
whereas in Experiment 5 the faces were placed eithecalgytone above the other or side

by side, but misaligned with either the left or right face higher than the atkee

In Experiment 4 viewers used the two centre or inner eyes (roghteye on the left face
and the leftmost eye on the rightmost face) more than the fathterres to make their
matching decision. Whilst in Experiment 5 viewers used thentst eye and the nose
equally for both faces to make a matching decision. In Expatidehe rightmost eye
appeared to be more useful (when on the leftmost face) than im \Eaperiment 5, whilst

the nose was more useful in Experiment 5, than it was in Exgerifn It appears that the
way faces are presented can influence how they are viewesaaning strategies for
Experiments 4 and 5 differed. In Experiment 4 viewers used the @yesrand this was
also a finding of Experiment 2 (in chapter 2), whilst for Expent 3 viewers used mainly
the eyes and nose of the left face and the leftmost eye on the right fagpetmtents 2, 3

and 4 the faces are presented side by side and viewers scannedtalty across the eye

region.

In Experiment 5 faces were presented vertically one on top dfttiee and viewers used
the leftmost eye and nose, this seems to support Walker—Smitfs gtL877) research,
where they suggested that the same features need to be fipatedach face before a

matching decision can be made. In Experiment 5 viewers appbargoanning vertically
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up and down from the leftmost eye and nose from one face to anbiieseems to show
that viewers were using the shortest scanning route possible whgmgaout the

matching task, for Experiment 4 and in the vertical condition fgmeEment 5, but not for
the high right and high left conditions in Experiment 5, as againwloeyd only need to
scan between the inner eyes (see figures 3.17 for exampleanoiirgg strategies when

viewing the stimuli).
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Figure 3.17 The viewing strategies used in Experimé4 and 5.
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For Experiments 4 and 5 the eye gaze data showed that dizeralyes are important for
matching, this was also found for Experiments 2 and 3 and has bieeling fn previous
research using single faces (Althoff and Cohen, 1999; Hendersan 20Gl; Henderson
et al., 2005; Janik et al., 1978). Another finding was that the leftepstwas also
particularly important for matching and this was also found fqreliment 3 and has been
found by studies using eye movements (Barton et al., 2006) and the $tdatheaique

(Schyns et al., 2002; Vinette et al., 2004).

There were no clear differences in eye movement patterneddamiliar and unfamiliar
faces for both Experiment 4 and 5, this was also an earlier firfiding Experiments 1, 2
and 3 (in Chapter 2). Previous studies have also found little difieiareye gaze patterns
for faces that are recognised as being previously presented, regintpathose that are
classed as new and unfamiliar (Henderson et al., 2001; Henderasbn2&05). However
there is some research that has found differences in the may$aand non-famous faces
are viewed. Althoff and Cohen (1999) reported that participants sgantinee looking at
the nose of famous faces for a fame judgement, and more tikiadoat the left eye of

famous faces for an emotion judgement.

There was also no clear differences in eye gaze patternfades that matched as
compared to those that mismatched for Experiments 4 and 5, agaivathaso a finding

of the earlier experiments in chapter 2. There has been researdtas found differences
in the amount of gaze to features depending on whether a pair infiateh. Stacey et al.
(2005) found that viewers looked more at the internal features (eg®s,and mouth) of

matched faces (.95) as compared to when they mismatched (.92), htwvesvalso found
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that overall there was more gaze to the internal featurasdiegs of familiarity. They did
not separate out the internal features, therefore they were motoainivestigate whether

there were any differences in gaze to the specific features.

Experiment 4 and 5 both found more accurate matching performantte flmamiliar faces
than the unfamiliar faces, although overall performance fofatmdiar faces was better in
Experiment 4, as compared to Experiment 5. This might relate to fewer pairesfifeing
used in Experiment 4 and therefore more faces might have beegnized. Whereas
Experiment 5 used extra faces and perhaps the participantsetef@miliar with all of
them and this influenced matching performance. Alternatively gyaatits might have
been better at matching faces presented side by side,dinstd¢hose presented either

vertically one above the other or misaligned.

Both experiments found the way that a pair of faces was msgseould influence the
matching of unfamiliar faces, for Experiment 4 responses mere error prone when the
faces were closer together, whereas for Experimentgomess were more error prone in
the high right condition. This seems to suggest that the way Uisiafaces are presented
can influence a matching decision, and faces may affect eachifotihey are placed too
close together, or if one if higher on the right side than the otieerThis has implications
for presenting pairs of faces or even arrays of faces to sg#se of crimes for
identification. As the beginning of this chapter has shown, faces on the rightlaigidgre
poorly identified than those on the left and when faces are agséher, or one is placed

higher on the right hand side this may reduce matching performance.
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Chapter Four

The influence of spatial filtering and
masking on face matching and viewing
patterns.
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Introduction

The previous chapter showed manipulating the presentation layout ofpéacse can
influence matching performance and the features that arediesvilst making a matching
decision. The faces used in all the preceding chapters havehlzgemuality images,
however in real life it might not always be possible to use hightguaages when trying
to identify a suspect and in some cases the images may leamuacinformation may be
missing, such as with CCTV footage. Additionally when a persciurther away, their
face appears not only smaller, but the fine details are leasand it is difficult recognize.
The focus of this chapter is to investigate how manipulatingesiafjfaces through either
changing the spatial frequency, or masking the features, me#igsematching decisions and

viewing patterns.

The influence of spatial frequency filtering ondaecognition and matching.

Spatial frequency refers to how rapidly an image changes sasqace. Low spatial
frequency (LSF) images represent large-scale variations anthitc course scale
information, such as face shape and the position of the featureig(ses 4.1 & 4.2).
High spatial frequency (HSF) images contain fine grain infionasuch as sharp edges
and the details of facial features. When someone is near weeeamllsthe spatial
frequencies, or a full bandwidth (FB) image, however when somedneher away, such
as 25 m, the only visual information available is in the LSF dontaém, &s the person gets
closer the mid spatial frequency and HSF information also becawsisble (Loftus &

Harley, 2005).
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Figure 4.1 lllustrates the spatial frequency for fitering faces reported as cycles per face width.

For face processing and recognition studies spatial fiesimisually carried out according
to the cycles per face width, rather than the number of cycledegeee of visual angle.

The greater the number of cycles/face width the higher thekppaquency. Research has
found that the optimum bandwidths for face recognition are between 8el&s/tace

width (Nasanen, 1999).

Figure 4.2 The first image an unfiltered image of @rdon Brown with all the spatial frequencies, the
second is filtered so that it contains only low spel frequencies (LSF) of less than 8 cycles/faceidth,
and the third is filtered so that it contains onlyhigh spatial frequencies (HSF) over 24 cycles/face
width.
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There are a number of studies that have investigated hownfiliténages to display
specific spatial frequencies affects face processing amatyméion. Research has shown
that full bandwidth (FB) or unfiltered photographs of faces aregrased more easily than
outline drawings, or two tone intensity images, that preservel8teor LSF information
(Bruce, Hanna, Dench, Healey, & Burton, 1992; Davies, Ellis, & Shepherd,. O#&r
studies have also shown that when faces contain only HSF or LSkation, they are
more poorly recognised than when the images contain broader, opatidl $requency
information (Costen, Parker, & Craw, 1994, 1996; Fiorentini, Maffei, afadti, 1983;
Parker, Lishman, & Hughes, 1996). These studies seemed to suggdise thmdl spatial
frequencies are more important for face recognition than theot $¥SF. However more
recent studies have suggested that the mid spatial frequaneiast always advantageous
when trying to determine if a face has been previouslyepted. Parker, Lishman, &
Hughes (1996) found that responses when trying to match faces omeewas a LSF
image, were not significantly more error prone when both images #B, but they were

significantly longer.

Liu, Collin, Rainville and Chaudhuri (2000) noted that previous studies thattigatesl
the affect of spatial frequency on face recognition had not ewemirthe importance of
images being spatially filtered in the same way fromstuely to test phase, they called
this the spatial frequency overlap. In many cases these sthdascompared the
recognition of faces that had previously been presented as udfilleages during a study
phase and then filtered and presented again for a recognitionLiesét al., (2000)
presented faces during the study phase that were alretdgdiland then presented the
faces again for a recognition test. They found there was no adegdotatihhe mid spatial
frequencies, but recognition responses were accurate for fikeesd into LSF or HSF

images, but only if the study face had been filtered withlainspatial frequencies. This
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seemed to show that the spatial frequency overlap between atadyest was more

important than the spatial frequency of the images themselves.

One criticism of the Liu et al., (2000) study was that they tisedame image from study
to test phase and it could therefore be argued that partic\wargscarrying out an image
matching task, rather than a face recognition task. Collin, Troje, McMullen, and
Chaudhuri (2004) addressed this issue with their study and, like lal, ¢2000), found
that participants recognised faces more accurately iflthdybeen filtered in the same way
from study to test. Kornowski and Petersik (2003) also found thatatecface recognition
relied more on the degree of congruency between the spagahfjliof faces at study and
test phases, rather than the range of spatial frequenciey. afidhveed that the overlap in
spatial frequencies between two images was more impofiantad particular range of

spatial frequencies.

Collin, Therrien, Martin and Rainville (2006) used a slightly differg@aradigm to
investigate the role of different spatial frequencies in f@&ocegnition. Participants were
presented with a target face that was either filtered, dltarefl and then four comparison
faces. Participants could then adjust the spatial frequency tHrties face until they felt it
could just be recognised as one of the comparison faces. They foundhiatthe
comparison face was unfiltered, the target face was adjwstbd tid spatial frequencies,
but if it was filtered to the LSF or HSF then participantaild adjust the spatial frequency
in accordance to the filtered faces. They suggested that wiaee @& unfiltered the mid
spatial frequencies become more important, however when asféiltered it is easier to

match it to another with similar filtering. Their studypogted that viewers were able to
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match filtered faces, but does filtering a face to eithdf bEHSF convey different types

of information to the person viewing the face?

Goffaux and colleagues investigated whether LSF and HSF imaggs relate to
different types of processing, such as configural or featu@bffaux, Hault, Michel,
Vuong and Rossion (2005) presented faces that were transfornhed ednfigurally
(moving the distance between the eyes), featurally (replatireg eyes), or both
configurally and featurally. The faces were presented as HSIF or unfiltered images.
Participants had a target face and two probe faces and had de demne of the probes
matched the target face, the target and probes were ghnesented in the same SF. They
found that when faces differed featurally, there was an advantage fothevdr the LSF
images, but when the faces differed configurally, performancebeissr for the LSF than
HSF faces. They suggested that LSF information is used tacexwnfigural information
resulting in a course description of a face, whereas fegingedssing is largely dependent

on HSF information.

Goffaux et al. (2005) were not the first researchers to sutfutsLSF may be useful for
configural processing. Sergent (1986) suggested that holistic pingegould be largely
dependent on LSF and that the extraction of features would depenty mosHSF.
Collishaw and Hole (2000) also found that blurred or LSF faces ceecbgnized as long
as they were not also inverted, which would prevent configural pioge$soffaux and
colleagues have however provided a number of experiments thatssepport the view

that LSF are used for holistic processing.
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In a study similar to Young et al.,, (1987), Goffaux and Rossion (2006griess
participants with pairs of composite faces that were eitlhgmesd, or misaligned and were
either FB, LSF or HSF images. They reported that whencjpamts had to decide if the
two top halves of the faces were the same person, spafjaiefncy only influenced the
aligned faces and the LSF images had the lowest perform@heg suggested that this
provided evidence that the faces were being processing holisticallyli®SEheondition, as

participants were not able to ignore the bottom halves of the face.

In another study participants were presented with either aewhoé or a part face (pair of
eyes), that were FB, HSF or LSF images. Then they wereresswith two probe faces,

and they had to decide which had been previously presented. They founesgwatses

were more accurate for whole rather than part faces and respeege also more accurate
for the FB and HSF images than the LSF images. The wholefpamtage was twice as
large for the FB and LSF faces as compared to the HSFesnadpich led them to suggest
that FB and LSF images were more useful for holistic proagssimereas the HSF images

were useful for featural processing (Goffaux & Rossion, 2006).

Being presented with LSF images of faces when we are ussekiog FB images does
seem to lead to overall poorer recognition of specific idestitiwever as the research
described has shown, overall we are still able to recognireatwh faces even if they are
blurry, the same way we are able to recognize a friend &afistance. But how good is
face recognition when specific features are masked or migBoffaux and Rossion
(2006) found that when presented with a whole face or a pair of eyé&snpEice was

significantly more accurate with the whole face, than witheyes alone. The following
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section focuses on recognition and matching when important informaticmas the eyes,

is missing or masked.

How important are the eyes for recognition and matg?

Many face recognition studies using eye movements have found thatd¢keare the
features that are looked at more than any other featmesed Henderson et al. (2001)
found that 60 % of fixations were directed to this region, and a nuaib&udies have
found similar results (Althoff & Cohen, 1999; Barton et al., 2006; Jand, €1978). The
most common triplet set of fixations when viewing a face was foorisk scanning from
the left eye to right eye to left eye and vice versa (GroNaider & Groner, 1984). The
eye region appears to receive more gaze duration than anyfedtiere when learning
faces and during recognition (Henderson et al., 2005). In other susirgsthe bubbles
technique (Gosselin & Schyns, 2001), which is a paradigm where oy areas of a
stimuli are revealed at any one time, the eyes were foundtteelbmost useful feature for

recognition (Schyns, Bonnar, & Gosselin, 2002; Vinette, Gosselin, & Schyns, 2004).

Face recognition research using single faces has revéalethé eye region seems to be
the most important feature of the face; however there has beenevidence that the eye
region may also be important for face-matching, especiallfafuiliar faces. O’'Donnell &
Bruce (2001) manipulated the eyes, mouth, chin and hair of familianrsfadhiliar faces
and found that familiarity seemed to increase the sensitivithetect changes to the eyes,
but not the other internal features. They suggest that as wefée®s, we attend to and

learn more about the eyes, as compared to the other internal facial features.
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Developmental research, has also found that the eye regiomamekt important for face
perception and there is evidence that infants attend to the eyeflaa# aefore they are
able to recognise whole faces (Maurer, 1985; Taylor, Edmonds, MgCa&tAllison,
2001). Other research has shown that infants prefer face-likelistiith more elements in
the top half (Turati et al., 2002; Turati et al. 2005) and this bias tothartop half of faces
and face-like objects continues into adulthood (Caldara et al., 2006)st@uhe using a
person with prosopagnosia, who had an impairment in recognisingdamaites, found
that unlike the controls, she did not use the information in the @yenréo recognise
faces, rather the information in the lower half of the face weasl (Caldara et al., 2005).
However there is some research that has investigated whathtrateyes themselves that

are important for face recognition, or the area including the eyebrows.

In one study, famous faces were presented with either the eayesed or the eyebrows
removed and participants were asked to name the faces (Sadr, Jarudiag283). They
found that responses were more accurate for the faces with sad5%8 %) than those
without eyebrows (46.3 %) and concluded that the eyebrows were as mgortéace
recognition as the eyes themselves. However this study has bgeized, because
removing the eyebrows altered the configuration of the facesamother study tried to
replicate these results using a slightly different paradig/hite (2004) presented famous
faces that either had the eyebrows removed, masked with a teidhplaster or in the
original format. Faces were presented with names underneativeha either congruent,
or incongruent with the faces and participants had to make a oratcismatch response.
Responses were faster for the original images, but not significdifferent from the
images with the masked eyebrows, however responses fornfaees the eyebrows were

removed, were significantly slower than those with the masketrews. White (2004)
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concluded that removing the eyebrows altered the configuratioheofaces leading to

poorer recognition, but masking them did not.

There has been no research using eye movement measures igateeghat features are
used to recognize, or match faces when the eyes/eye regiomiesent or masked. There
has also been no research using eye movements to explore homdgces viewed if the
features, such as the eyes are blurred, as they are in L8fesmin this chapter three
experiments are reported, two of which used eye movement rasadar the first
experiment low spatial frequency images of faces were miexbealong with full
bandwidth images for a face matching task and eye movemergseeerded. The second
experiment also employed eye movement measures and maskadeheyes (right eye
on left face and left eye on right face), as experimentsewiquis chapters (Experiments 2,
3 and 4) found, the inner eyes were the most viewed features wiesrafacpresented side
by side. The third experiment presented pairs of eyes alahgtie eyebrow region for

matching, as this region has been found to be the most useful for the facegiatsks.

Experiment 6

In this experiment low spatial frequency (LSF) images of faces wertk as there is less
fine detail for the eye region and this area is blurred with little definitiondsetihe eye
outline, sclera and iris (see figure 4.2).This is the type of information tigat e

obtained through CCTV footage, or when a person is far away. As there isi¢egsain
information in the eye region, participants may not have enough visual informataednee
to make a matching decision by only scanning between the two central oeyeserlf

participants need more visual information from the LFS images, then thayfirege
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upon more areas of the face, than the FB images. However if the viewing pattearely
a global scanning strategy for gaining a general or holisticeisspon of each face, then

the pattern may persist even with the LSF images.

Research has shown that when trying to match faces where one of the fdc8E is a
image, there were no significant differences in the number of errorsrgmced to FB
images, although it took significantly longer when one of the facesWw&$ image
(Parker, Lishman, & Hughes, 1996). Other research has found that faces &edmabce
accurately if they are filtered similarly (Collin et al., 2004) which seenssiggest that
performance will be better when both faces are filtered to the samd gpgt@ncies. As

it takes longer to match a LSF image to a FB image, than to match two E8sinai®
viewers gaze longer at a set of specific features (e.g. thalceys) for the LSF image, or

do they gaze at more features per se?

Method

Participants

24 participants took part in the study (12 female). All were siisder members of staff at
the Department of Psychology, Glasgow University. All were ableecognise faces

displayed via a monitor without glasses. The participants were paid ifiotinhe

Stimuli

The stimuli consisted of 84 pairs of male celebrity facesepted in pairs. All the pairs
were presented in the upright orientation, half were matched (pawsdifferent images

the same person), the other half were mismatched pairs (diffdemtities). 28 pairs were

156



full bandwidth (FB) images, 28 pairs were low spatial frequeb8&y) images (less than 8
cycles per face width). The remaining 28 pairs consisted of ace that was a full
bandwidth (FB) image and the other was a low spatial frequertsly)(lmage, this was
counterbalanced so that the LSF image appeared equally a# theright face (see figure

4.2).

All the images were converted to grey scale and cropped atbanfdces, so they were
presented on a white background. Each face was 13.5 cm by 10 cm, subteradiigual
angle of 8 degrees by 6 degrees. They were placed S5cmfiegmareach other and the
resolution was 72 pixels per inch. The stimuli were presented on 2Beélictea TFT flat

screen monitor, 1 meter from the participant using E-Prime software.

Figure 4.3 Examples of the types of stimuli used|azkwise from the top left; mismatched FB images,
matched LSF images, matched right LSF, mismatcheeft LSF.
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Apparatus

Eye tracking data were recorded using a non-invasive remeté&agking device (RED)
from Senso-Motor Instruments, which was placed on a table below théomdaye
movements were captured using lview version 2.3 software and theipaauts were
calibrated using a 9-point display screen, before stimuli pras@mt Participants had
Asden HS35s headphone/ microphone combination headsets, so that thegbleete

communicate with the experimenter in the other room.

Design & Procedure

The experiment employed a 4-factor within subjects design. T$tevliriable was Match
(match/ mismatched), the second was Spatial frequency (F@esnaSF images, LSF left
face, LSF right face), the third was Face side (left/yigihid the fourth was the Features
(left eye, right eye, nose, mouth). The participants were instrubi they would be
presented with pairs of familiar faces, some of which wouldlbey and some normal
images. The task was verbally to indicate whether the facevpaithe same person or two
different people. Each pair was presented for 2 seconds. The espenimecorded the

verbal responses.

Analysis

The preliminary analysis of eye gaze data began by aswegavhether there was a
sufficient capture rate of all eye gaze data for eachicpmnt. Using the Iview 2.3
software, the viewing time for each face was analysededew much of the data was
undefined, (i.e. gaze not recorded within the areas of interesile lindefined data was

higher than 30 percent, then the subject’'s data was discarded. 8 lgazydata loss may
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occur through head movement, blinking, hand gesticulation obscuririgftheed beam,
or untraceable eyes. 29 participants were tested, however 5 haddischeled, as the

undefined data were above 30 percent. 24 participants were used in the final analysis.

The faces were divided into 4 areas of interest (AOI) adeaseng Iview 2.3, they were;
the left eye, right eye, nose and mouth. Separate AOI were createdtiandividual face,
as the faces varied in regards to configuration. For the purpossaripdien here the AOI
are given from the perspective of the viewer, therefore theeyef is always on the left

from the viewer’s perspective.

Eye gaze data with fixations shorter than 100 ms were destand line with comparable
studies (Baron, 1980; Fischer et al., 1989). Only the data for facesvéna correctly
categorised as being ‘same’ or ‘different’ were used inath@ysis. Eye gaze data was
converted to percentages of gaze per feature for each fagazeduration and number of
fixations could differ across subjects. The percentage of gaze wascepdis all the spatial
frequency conditions, so that they could be directly compared, dmipaaly analyses
using gaze duration had shown there were some differences iaggazenction of spatial

frequency.

Results

Task performance

Figure 4.4 shows the mean percentage correct for the matchedssnatched faces in all

the spatial frequency conditions. A 2-factor ANOVA was performedhe response data;
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Match (matched/mismatched), Spatial frequency (FB, LSFde& LSF, right face LSF).
There was a main effect of match, responses were more a&ctaurgte mismatched faces

than the matched faces (92 % vs. 84 %; F (1, 23) = 15.9, p < 0.01). There was a main effec
of spatial frequency (F (1, 23) = 23.1, p < 0.01), responses were nmnatacfor faces

that were FB images (94 %) than when they were both LSF 81{88&% ) or the left face

was a LSF (78 %), but not when the right face was a LSF (92 8é)yeTwas a significant

2-way interaction for match and spatial frequency (F (2, 46) = 9.1, p < 0.01).

The analysis from the simple main effects for the intevadbund there were significantly
more correct responses for the mismatched faces in the LSFioor{&it(1, 23) = 10.1, p

< 0.01) and the left LSF condition (F (1, 21) = 23.2, p < 0.01). There weresaise
significant differences in responses to the matched facesfusgtion of spatial frequency

(F (3, 63) = 32.3, p < 0.01). Planned comparisons found that responses for the FB
condition were marginally more accurate than the LSF right tondt (63) = 1.76, p =

0.08) and comparisons with the other conditions produced higher t values. Rssfoons

the right LSF condition were significantly more accurate thase for the LSF condition

(t (63) = 2.89, p < 0.01) and the left LSF condition (t (63) = 7.44, p < 0.@EpdRses for

the LSF condition were also more accurate than those for theSEftondition (t (63) =

4.55, p < 0.01).
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Figure 4.4 The mean percentage correct for the matted and mismatched faces for all the spatial
frequency conditions.

Location of first fixation

The location of the first fixation for each trial was exaed to see if viewers looked
initially at the rightmost or leftmost face. A paired samptest found that viewers made
significantly more first fixations to the leftmost face thtée rightmost face (89.2 % vs.
10.8 %; t (23) = 15.9, p < 0.01). This was an extremely strong efidotvél be explored

further in chapter 5 where a full analysis will be carried out.

Percentage of gaze to features

Eye data were analysed by a 4-factor ANOVA: Match (match/mcdha Face
(rightmost/leftmost) x Spatial frequency (FB, LSF, left LSF, rigBF) x Feature (left eye,
right eye, nose, and mouthyhere was a main effect of spatial frequency (F (3, 69) = 9.9,

p < 0.01), the faces in the left LSF (3.3) and right LSF conditions (3.5), received azere g
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per feature than faces in the FB (2.8) or LSF conditions (2.8). There was afectiofe

face, with the left face receiving more gaze per feature than thtaie (3.4 vs. .2.8: F

(1, 23) = 160.4, p < 0.01There was a main effect of features (F (3, 69) = 23.4, p < 0.01),
the left eye (5.3) received more gaze than the nose (3.0), but not the right eye (4ll0) and a
the features received more gaze than the mouth (0.2). There was als@iGasigiiway
interaction for; match, spatial frequency, face and features (F (3, 69) = 3000p)J he

data was therefore split into two sets and two separate 3-factor AN@svesperformed

for the matched, mismatched faces.

Matched faces

Figures 4.5a to 4.5d show the mean percentage of gaze to featuhesright face for all
the different spatial frequency conditions. Results from the 8ifa&iNOVA performed
for the matched faces found a main effect of spatial frequén€y, 69) = 4.7, p < 0.01),
faces in the left LSF (3.4) and right LSF (3.4) conditions, redemere gaze per feature
than the FB images (2.8) and the LSF images (2.8). There ls@saamain effect of
features (F (3, 69) = 22.3, p < 0.01), the left eye (5.6) received more gaze thghtthge
(3.6) and the nose (3.0), and all the features received more gazeén¢harouwth (0.2).
There was also a significant 3-way interaction for spateguency, face and features (F

(9, 207) = 2.8, p < 0.01).
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Figure 4.5c Mean percentage of gaze to features tre left and right faces for matched left LSF
condition.
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Figure 4.5d Mean percentage of gaze to features time left and right faces for matched right LSF
condition.

The analysis of the simple simple main effects for therasteon revealed that for some
conditions the features received more gaze than in other conditioms. Wéx@ significant
differences in gaze to the left face (F (3, 69) 2.9, p < 0.05) andgieface in the FB
condition (F (3, 69) 3.6, p < 0.01planned comparisons for the left face found the right
eye (t (63) = 2.82, p < 0.01) and nose (t (63) = 2.17, p < 0.05) receivedyarer¢han the
mouth. Comparisons for the right face found that left eye received maze than the
nose (t (63) = 2.21, p < 0.05) and comparisons with the other features proziase

higher t values (see figure 4.5a).

There were also significant differences for features orlettidace (F (3, 69) = 3.1, p <
0.05) and the right face in the LSF condition (F (3, 69) = 4.2, p < ORlahned
comparisons for the left face found the right eye (t (63) = 2.59.08 and nose (t (63) =
2.43, = 0.05) received more gaze than the matwmparisons for the right face found the
left eye received more gaze that the nose (t (63) = 2.36, p < 0.05) and comparisdhs wit

other features produced higher t values (see figure 4.5b).
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Analyses for the left LSF condition found there were no signifidé#feérences in gaze to
the features on the left face (p > 1), but there were signifidifferences for features on
the right face (F (3, 69) = 15.0, p < 0.0RJanned comparisons for features on the right
face found that the left eye received significantly more ghaa the right eye (t (63) =
8.96, p < 0.01) and comparisons with the other features produced highees Ys¢e

figure 4.5c).

There were also significant differences in gaze to thefde# (F (3, 69) = 6.8, p < 0.01)
and right face (F (3, 69) = 6.8, p < 0.01) in the right LSF condition. Bthnamparisons
found the right eye received more gaze than the left eye t6R398, p = 0.05) and
comparisons with the other features produced higher t values. Tlegédeft (63) = 2.51, p
< 0.01) and nose (t (63) = 2.23, p < 0.05) received more gaze than the naugarSons

for the right face found the left eye received more gaze ttieamose (t (63) = 3.41, p <

0.01) and comparisons with the other features produced higher t values (see figure 4.5d).

The analyses of the simple simple main effects also levethat spatial frequency
influenced the amount of gaze to the left eye (F (3, 69) = 7.5, p <dnh@lhe right eye (F

(3, 69) = 102.4, p < 0.01) on the left face, and the left eye (F (3, 69) = p40.@,01) on

the right face. Planned comparisons for the left eye on th&atsftfound it received more
gaze in the right LSF condition and this was more than the FBtmom(i (69) = 2.83, p <

0.01) or the LSF condition (t (69) = 4.57, p < 0.01). The left eye also received more gaze in
the left LSF condition than in the LSF condition (t (69) = 2.9, p < 0.01nneth
comparisons for the right eye on the left face found tha&ce#ived more gaze in the right
LSF condition and this was more than when in the FB condition (t (69)p$8,01) and

comparisons with the other spatial frequency conditions produced higher t values.
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Planned comparisons for the right face found the left eye recigadost amount of gaze
in the left LSF condition and this was significantly more thaménright LSF condition (t

(69) = 6.05, p < 0.01) and comparisons with the other conditions produced higher t values.

Analyses from the simple simple main effects also revetlatilsome features received
more gaze depending on whether they were on the left, or rightTae left eye received
more gaze on the right face and this was significant fohalspatial frequency conditions
(p < 0.05). The opposite pattern was found for the right eye, it recenoee gaze on the
left face and this was also significant for all the spdteduency conditions (p < 0.05),
except when the left face was a LSF image (p > 0.05). Therecsiwed more gaze on the
left face and this was significant for all the spatial frempyeconditions (p < 0.05). There

appeared to be no significant effect of face side upon gaze to the mouth.

Mismatched faces

Figures 4.6a to 4.6d show the mean percentage of gaze to featuhesleft and right face
for all the spatial frequency conditions. Results from the 3-fasl®DVA performed for
the matched faces found a main effect of spatial frequend; @9) = 5.4, p < 0.01), faces
in the right LSF condition (3.5) received more gaze per featuretiiegaRB images (2.9)
and the LSF images (2.8), but not more than faces in the LS€olafiition (3.2). There
was a main effect of face with the left face receivimgre gaze per feature than the right
face (3.5vs. 2.7; F (1, 23) = 17.4, p < 0.01). There was also a mainaéffeatures (F (3,
69) = 20.2, p < 0.01), the left eye (4.9) and the right eye (4.4) receivee gaze than the
nose (3.0), and all the features received more gaze than the mouth {thidg.were also

two significant 2-way interactions, for spatial frequency antufea (F (9, 207) = 3.6, p <

166



0.01) and for face and features (F (3, 69) = 19.2, p < 0.01) and a 3 wactiote for
spatial frequency, face and features that did not reachisgmit (F (9, 207) = 1.2, p =

0.4).
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Figure 4.6a The mean percentage of gaze to features the left and right faces for mismatched FB
images.
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Figure 4.6d Mean percentage of gaze to features time left and right faces for mismatched right LSF
condition.

The analysis of the simple simple main effects for the @-weeraction revealed for some
conditions the features received more gaze than in other conditioms. Wése significant
differences in gaze to the left face (F (3, 69) 3.4, p < 0.05) andgieface in the FB
condition (F (3, 69) 4.4, p < 0.01) and planned comparisons for the left facetfeunght
eye received more gaze than the mouth (t (63) = 3.2, p < 0.01). Plannearisomg for
the right face found the left eye received more gaze than thgtn@3 = 2.23, p < 0.05)

and comparisons with the other features produced even higher t values (see figure 4.6a
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There were also significant differences for features onettidace in the LSF condition
that nearly approached significance (F (3, 69) = 2.2, p = 0.09) anllefoight face in the
LSF condition (F (3, 69) = 7.0, p < 0.01). Planned comparisons for thedeftdand the
right eye (t (63) = 2.4, p < 0.05) and nose (t (63) = 1.98, = 0.05) receioszlgaze than
the mouth. Comparisons for the right face found the left eyevestenore gaze that the
nose (t (63) = 2.99, p < 0.01) and comparisons with the other features proziase

higher t values (see figure 4.6Db).

There were significant differences in gaze to the featmase left face (F (3, 63) = 10.1,
p < 0.01) and right face (F (3, 69) = 3.6, p < 0.05) in the left LSF condiklanned
comparisons for the left face found the right eye received meme than the left eye (t
(63) = 3.95, p < 0.01) and comparisons with the other features produced elen thig
values. Comparisons for features on the right face found that theeyleftreceived
marginally more gaze than the right eye (t (63) = 1.74, p = 0.093@ngarisons with the

other feature produced higher t values (see figure 4.6c).

There were also significant differences in gaze to thefde# (F (3, 69) = 5.6, p < 0.01)
and right face (F (3, 69) = 2.9, p < 0.05) in the right LSF condition. Bthnomparisons
found the right eye received more gaze than the nose (t (63) = 1.75).@Ok and
comparisons with the other features produced higher t values. Thé 163g= 2.34, p <
0.05) and left eye (t (63) = 2.0, p < 0.05) received more gaze than thie. Goutparisons
for the right face found the left eye received more gaze tlanght eye (t (63) = 1.94, p

= 0.06) and the mouth (t (63) = 2.83, p < 0.01) see figure 4.6d.
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The analyses of the simple simple main effects also lexvethat spatial frequency
influenced the amount of gaze to the left eye (F (3, 69) = 4.6, p <dnh@lhe right eye (F
(3, 69) = 30.2, p<0.01) and the nose (F (3, 69) = 7.4, p < 0.01) on the left face, and the lef
eye (F (3, 69) = 140.4, p < 0.01) and right eye (F (3, 69) = 5.6, p < 0.01) oghhéade.
Planned comparisons for the left eye on the left face found the weesr more gaze in the
right LSF condition than the FB condition (t (69) = 2.02, p < 0.05) and cosoparwith
the other SF conditions produced higher t values. The left eye @lsiveaé marginally
more gaze in the FB condition, than the left LSF condition (t (69) = p.7,0.09).
Planned comparisons for the right eye on the left face foundeivest more gaze in the
left LSF condition than the right LSF condition (t (69) = 3.11 p< 0.01) thedFB
condition (t (69) = 3.05, p < 0.01), it also received more gaze in thekdton than the
LSF condition (t (69) = 2.86, p < 0.01). Planned comparisons for the nosetfaint
received more gaze in the right LSF condition than the FB conditi(69) = 2.44, p <
0.01) and the left LSF condition (t (69) = 4.6, p < 0.01), it also received gaze in the
LSF (t (69) = 3.05, p < 0.01) and FB condition (t (69) = 2.16, p < 0.05) thanftheSke

condition.

Planned comparisons for the left eye on the right face found thesenere gaze in the
LSF condition than the FB condition (t (69) = 2.55 p < 0.01) and comparisitinghe
other SF conditions produced higher t values. For the right eye oiglhdace there was
more gaze in the left LSF condition than FB condition (t (69) = 3.3, pX,&ad the right
LSF condition (t (69) = 3.68 p < 0.01). There was also marginally mae fga the right

eye in the right LSF condition than the LSF (t (69) = 1.98 p = 0.05).
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The simple simple main effects also revealed a significant influemé¢ace side with some
features receiving more gaze on the left faces, whilst otleesived more on the right
face. The left eye received more gaze on the rightdadethis was significant for all the
SF conditions (p < 0.01) except the right LSF condition (p > 0.1). igh¢ eye received
more gaze on the left face and this was significant fahallSF conditions. The nose also
received marginally more gaze on the left face forli8E condition (F (1, 23) = 4.3, p =

0.05) and the right LSF condition (F (1, 23) = 4.01, p = 0.06).

Results Summary

Both the matched and mismatched faces had very similar \gepatterns (see figures
4.5a-d and 4.6a-d). The main difference was for the left LSF condftiorthe matched

faces the gaze to the features on the left face was edesihbuted (see figure 4.5c),
however for the mismatched faces there was a bias forgheaye on the left face (see
figure 4.6¢), for both the matched and mismatched faces thera as for the left eye on
the right face, however this bias appeared to be stronger forattobed faces. There were

some other small differences, which are explained below in more detail.

Effect of spatial frequency

The main effects of spatial frequency revealed that for matéhees in the condition
where only one face was a LSF image, the faces receivezigane per feature than when
both faces were LSF images or FB images. For the mismatabes when the right face
was a LSF image the faces received more gaze perdedhan when the left face was a
LSF image, or when both faces were FB images. Spatial fregqaso interacted with the

amount of gaze to features and face side. When the left faca W@E image gaze was
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evenly distributed to the eyes and nose (apart from the mismaclition), whereas when

the right face was a LSF image there was an overall bias toward#t #nele

Many of the viewing patterns were the same for the matahddmismatched faces. The
left eye on the left face received more gaze in thelLléRk and right LSF conditions, than
when both faces were FB, or LSF images. When the left eyeowake right face it
received more gaze in the left LSF condition, as compareaetother spatial frequency
conditions. When the left eye was on the right face, it receivethtis¢ amount of gaze in
the left LSF condition for the matched faces, but the LSF conditiothe mismatched
faces. The right eye on the left face received the mostimof gaze in the right LSF
condition for matched faces, but for the mismatched faceseivext more gaze in the left
LSF condition. The right eye on the right face received the mmetumt of gaze in the
right LSF condition, but this was only significant for the misrhattfaces. The nose on
the left faces received the most amount of gaze in the ri§ht dondition, but this was
only significant for the mismatched faces. Spatial frequensy did not influence the

amount of gaze to the mouth.

Effect of face side (left or right of the screen)

Overall the main effects of face side were that the rigatreceived more gaze on the left
face and when on the left face it received more gaze thaotliee features. This pattern
was found for both the matched and mismatched faces, for most gpdhial frequency
conditions. Whereas the left eye received more gaze on thiefaice and when on the
right face it was the feature that received the most amdw#ze. The nose also appeared
to receive more gaze on the left face, but face side appeared to have mmasiggifect on

gaze to the mouth and it received the least amount of gaze.
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Discussion

Looking at the eye gaze data, the viewing patterns weme similar for the matched and
mismatched faces, the one major difference was for th& $tcondition, where the left
face was a LSF image and the right face was a FB inkagehe matched faces viewers
looked evenly at all the features on the left face, whereabdanismatched faces viewers
looked mainly at the right eye on the left face. When the fase the same identity,
viewers had to look at more features on the left face to malkecurate decision, whereas
when the faces were different people, viewers only looked atgheaye on the left face
and compared it to left eye on the right face. For the misredttaces viewers performed
the scanning strategy observed in previous experiments (Experiments 2, @& they
look more at the inner eyes than the outer ones. There did hosesm@r to be a very
strong bias for the left eye on the right face in the mat&ess, so it seems that once all
the features on the left face had been viewed, only the right e ¢eft face was viewed

to make an accurate decision.

The eye gaze data showed that there was still an overaltdvasds the eyes and they
seemed to be the features that received more gaze than théathess, although in the
LSF condition the nose also received a substantial amount of gazeylyuthen on the
left face. An explanation for why the nose might have receivee igaze on the left face
and also why gaze was evenly distributed across the features on theel@fttfae matched
left LSF, is that viewers looked at the left face first, twd an internal representation that
they compared to the face on the right. If the images siergar, or presented as LSF
images, then viewers had to look at the right eye and the nosdda@ lngilistic impression
of the left face, whereas when the faces were different paopl&B images, viewers only

needed look at the inner eyes to make an accurate decision.
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The eyes that were in the centre of the screen (the rigldretfee left face and the left eye
on the right face) did appear to receive more gaze than theeyete(left eye on left face
and right eye on right face), and this was persistent regardless of Spati@ncy filtering.
The left eye consistently received more gaze on the right, facd the right eye
consistently received more gaze on the left face. This patt@sralso found for previous
Experiments 2, 3 and 4. This seems to show that this viewing patterore for a global
scanning strategy used to gain a holistic impression of thedadewas present for the FB
and LSF images. The Goffaux et al. (2005) and Goffaux and Rossion (200&sdboth
found evidence that LSF images of faces are processed morealyishan HSF images,

so the viewing patterns observed here might represent global strategies

The first-fixation analysis found that viewers looked first taé face on the left
significantly more than the face on the right. This was afsadang of Experiment 3 and 4
in previous chapters. Other research has also found a leftwarderdiases (Butler et al.,
2005; Mertens, Siegmund, & Grusser, 1993). There is still a delyathev this results
from the right hemisphere dominance for face processing (Rhodes, 198%), or is a
cultural bias as a consequence of scanning left to right forngdtieath, Rouhana, &

Ghanem, 2005; Vaid & Singh, 1989). This issue will be explored further in chapter 5.

Looking at the task performance for the matched facegppiears that converting the faces
to LSF images did reduce the overall accuracy, but this wasprafsund when the left
face was a LSF image and the right face was a FB infiageems that viewers looked to
the face on the left first and if it was a LSF image iifgred with matching a FB image
on the right. However if both images were LSF, or the right @anags a LSF image and

the left face was a FB image, responses were less prooe, especially for the
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mismatched faces. When the right face was a LSF immagponses were more accurate

than when both faces were LSF images.

Previous research has shown that presenting LSF images of dapears to reduce
recognition accuracy (Costen, et al., 1994, 1996; Fiorentini et al.,19&&rRarl., 1996),
these studies presented FB images and then used filteredSaessitems. However other
research has shown that when faces are presented in sipateal frequencies from study
to test, LSF images can be easily recognised and respaesesee error prone when
faces differ in SF from study to test (Collins et al., 200dljics et al., 2006; Konowski &
Petersik, 2003; Lui et al., 2000). These studies predict that facingperformance
should be more error prone when viewers are presented with one F8& amagne LSF
image, however this was only the case for the left LSF condiod,for the right LSF
condition accuracy was the same as if both face were FBesraigd greater than when

both faces were LSF images.

This experiment has shown that when both faces are presentéSFRasmages,
performance is not as greatly impaired as when only thededt is presented as a LSF
image and the right face is a FB image. In the LSF imégesnformation in the eye
region was blurred so that it was difficult to make distinctiorisvéen the sclera, iris and
pupil, however viewers still seemed to use this region more than the other reggmersvV
also used the inner eyes (left eye on right face and righoreyeft face) more than the
outer eyes regardless of SF; this suggests viewers wieggaiglobal or holistic scanning
strategy. In the next experiment the aim is to investigduat features are used to make a
matching decision when one or both of the inners eyes has been raadikberefore does

not contain any useful information.
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Experiment 7

Method

Participants

22 participants took part in the study (12 female), all were stad# members of staff at
the Department of Psychology, Glasgow University. All were a@bleecognise faces

displayed via a monitor without glasses. The participants were paid ifioftinne

Stimuli

The stimuli consisted of 224 pairs of male faces, which werer éitloedifferent images of
the same person or two different people. The faces were appatexy 12 cm by 8.5 cm,
with a resolution of 72 pixels per inch, and presented side by sidébamn between each
face. An eye mask was created which was a white squarexapptely 1.7 cm by 1.5 cm
and it was placed either over the right eye on the left faftenfask), the left eye on the
right face (right mask), or on both of those locations simultane¢hebp mask), or not
presented at all (no mask) see figure 4.7. All the images vegreerted to grey scale and
cropped around the face; they were presented on a white backgroundiniiievetre

presented on a 17 inch screen monitor using Experiment Builder, SR Research.
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Figure 4.7. An example of stimuli used, going clogkise from the top left; unfamiliar matched no mask,

unfamiliar matched left mask, unfamiliar mismatchedright mask, unfamiliar matched both mask.

Apparatus

The participants’ eye moments were measured using the headethoBR Research
EyeLink System; data was recorded from only the right €lge stimuli were presented in
four blocks, using Experiment Builder (SR Research). A nine-politraaon was carried

out at the beginning of each block and a drift correction wasnpeed at the beginning of

each trial.

Design and Procedure

The experiment employed a within subjects design. The firstblaraas Familiarity
(familiar/unfamiliar), the second was Match (matched/misheaty, the third was Mask
(no mask, right mask, left mask, both mask) and the fourth Fde€lsit face/right face)

and the fifth were the Features (left eye, right eye, nose, m&aft)cipants were told that
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they would be presented with pairs of faces and there taskowadi¢ate via a keyboard

response whether the faces were the same person or two different people.

Analysis

The analysis was carried out using Dataviewer SoftwadReR8search), where four areas
of interest (AOI) were created for the facial featutas; right eye, left eye, nose, mouth.
Separate AOI were created for each face. Gaze duratiocomasrted into percentage of
gaze per feature, this was divided across the four mask cond#otigt the total gaze for
four pairs of faces was equal to 100. 26 participants were testedvérotive data from 4
were discarded due to high error rates in the unmasked conditiodata loss, therefore

22 participants were used in the final analysis.

Results

Task performance

Figure 4.8 a shows the mean correct responses for familiar faces @ed4fig b shows the
correct responses for unfamiliar faces. The task perforenahowed overall the familiar
faces obtained more correct responses (mean = 91 %), than thelianf@aoes (mean =
80 %). A 3-factor ANOVA; Familiarity (familiar/unfamiligy Match (match/mismatch)
and Mask (no mask, left mask, right mask, both mask) was condiactexamine the
accuracy of responses. There were main effects of faniligi(1, 21) = 6.2, p < 0.01)
and mask (F (3, 63) = 5.4, p < 0.01) and a 3-way interaction for &aityiJi match and

mask (F (3, 63) = 6.6, p < 0.01). Responses were significantly moueatedn the no
mask (86 %) and the right mask conditions (88 %) than in the bothguasdition (83 %),

but not more than the left mask condition (85 %).
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Figure 4.8b. The mean percentage correct responsis unfamiliar faces.

The analysis of the simple simple main effects for the gimeraction revealed when the
faces were familiar they received more correct respahseswhen they were unfamiliar,
this was significant for; matched faces with the left m@skl, 21) = 7.7, p < 0.05), also

the mismatched faces with; no mask (F (1, 21) = 31.8, p < 0.01), Isk (Ra(1, 21) =
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21.2, p <0.01), right mask (F (1, 21) = 13.7, p < 0.01) and the both mask (F (1, 21) =44.1,

p <0.01).

There was also an effect of match, but only for the unfamil@sfaThe unfamiliar faces
with no mask received significantly more correct responses wiegmtatched, than when
they mismatched (F (1, 21) = 7.6, p < 0.05). The unfamiliar faces fhe both mask
condition also received more correct responses when the facdsethdban when they

mismatched (F (1, 21) = 7.3, p < 0.05).

The analysis of the simple simple main effects revealedfarence of mask, but only for
the unfamiliar matched (F (3, 63) = 8.5, p < 0.01) and unfamiliamaiiched faces (F (3,
63) = 10.4, p < 0.01). Planned comparisons for the unfamiliar matchedfdacesthere
were significantly more correct responses for the no mask aomditan the both mask (t
(63) = 2.59, p< 0.01) or left mask conditions (t (63) = 4.59, p < 0.01). kades right
mask condition received more correct responses, than the Isk coadition (t (63) =
3.89, p < 0.01). Planned comparisons for the unfamiliar mismatched taces that all
the mask conditions received more correct responses than the &sithcanditions (p <
0.01) and the right mask condition received more correct responseghthaio mask

condition (t (63) = 2.9, p < 0.01).

Percentage of gaze to features

A 5-factor ANOVA; Familiarity (familiar/unfamiliar), Math (match/mismatch), Mask

(none, left mask, right mask, both mask), Face (left/right)Feadures (left eye, right eye,
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nose & mouth) was conducted on the percentage of gaze duration. Resultthe
analysis found a main effect of mask (F (3, 63) = 2.8, p < 0.05), fadé® left mask
condition (3.2) received more gaze per feature, than those in the na3r@8kor right
mask conditions (3.07), but not more than the both mask condition (3.11). Treaswa
main effect of features (F (3, 63) = 9.8, p < 0.01), the nose (4.6yedceiore gaze than
the right eye (3.4), but not the left eye (3.8) and all featuresviest more gaze than the
mouth (0.6). There was a 4-way interaction for familiarity, mmatace and features (F (3,
63) = 2.9, p < 0.05), the data was therefore split into two sets pachte ANOVAS were

performed on the familiar and unfamiliar faces.

Familiar faces

Figures 4.9a to 4.9d show the mean percentage of gaze to featutes left and right
familiar faces for all the mask conditions, the stimuli egka® have used both matched
and mismatched pairs. A 4-factor ANOVA; Match (match/mismatefask (no mask, left
mask, right mask, both mask), Face (left/right) and Featileéiseye, right eye, nose,
mouth) was conducted on the percentage of eye gaze to features familfee faces.
Results from the analysis found a main effect of face, tin fage received more gaze per
feature than the left face (3.3 vs. 2.9; F (1, 21) = 7.0, p < 0.05). Thera main effect of
features (F (3, 63) = 8.5, p < 0.01), the left eye (3.8), right eye d48d)nose (4.5) all
received more gaze than the mouth (0.7). There was also a 3-way interactiask, face

and features (F (9, 189) = 20.6, p < 0.01).
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The analysis of the simple simple main effects found that saa&ures received
significantly more gaze than others, depending on face side arld Tifaeye were no
significant differences in gaze to features on the left aght face in the no mask
condition (p > .1) see figure 4.8a. There were marginally sagmifi differences in gaze
between features on the left face in the left mask conditigq®,(B3) = 2.7, p = 0.5), but
not the right face in the left mask condition (p >.1). Planned cosgue for features on
the left face in the left mask condition found the left eyeixex marginally more gaze
than the right eye (t (63) = 1.70, p = 0.09) and mouth (t (63) = 1.68, p = 0Dy

4.9b.

The analysis for the simple simple main effects also redebkre were no differences in
gaze to features on the left face in the right mask condition,Jeswieere were significant
differences in gaze to the features on the right face inghemask condition (F (1, 21) =
3.2, p < 0.05). Planned comparisons for the features on the right faéloe right mask
condition found the right eye received marginally more gaze thadeft eye (t (63) =

1.73, p = 0.09) and the mouth (t (63) = 1.73, p = 0.09) see figure 4.9c.
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There were no significant differences in gaze to featurdbefeft face in the both mask
condition (p > 0.1) but there were some significant differencesze ¢p features on the
right face in the both mask condition (F (1, 21) = 3.1, p < 0.01). Plactoraegarisons for
the right face in the both mask condition found the right eye redeivarginally more
gaze than the left eye (t (63) = 1.67, p = 0.09) and the mouth (t (63)3=p = 0.09) see

figure 4.9d.

The simple simple main also revealed that the mask conditioctedféhe amount of gaze
that certain features received and there were some signitfldéerences in gaze to the left
eye on the left face (F (3, 63) = 66.9, p < 0.01), the right eye defthface (F (3, 63) =
36.2), the left eye on the right face (F (3, 63) = 126.7, p < 0.01) andeyghdn the left
face (F (3, 63) = 130.8, p < 0.01). The masking appeared to have nacaigrafffect on

gaze to the nose or mouth (p > 0.1).

Planned comparisons for features on the left face found theeyeftin the left mask
condition received more gaze per feature than in the both conditiéB)(&(2.34, p <

0.05) and comparisons with the other conditions produced even higher t vdladeftT

eye in the both mask condition received more gaze than the no oradikian (t (63) =

4.68, p < 0.01) and the right mask condition (t (63) = 6.51, p < 0.01). Thgdeft éhe no

mask condition received marginally more gaze than for tite mask condition (t (63) =

1.83, p = 0.07). Planned comparisons for the right eye on the left face found thavéedecei
more gaze in the no mask condition (t (63) = 4.76, p < 0.01) and the right mask condition (t
(63) = 4.38, p < 0.01) than in the both mask condition, and comparisons wift thmask

condition produced even higher t values.
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Planned comparisons for features on the right face found the éefeegived more gaze in
the left mask (t (63) = 9.75, p < 0.01) and both condition (t (63) = 9.35, p <t@di}he
no mask condition, and when left mask and both mask conditions were edntpahe
right mask condition they produced higher t values. The right eye on the riginttateed
more gaze in the right mask condition than in the no mask (t (63)7% p < 0.01) and left
mask conditions (t (63) = 10.41, p < 0.01), the right eye also receives gaae in the
both mask condition than the no mask (t (63) = 9.35, p < 0.01) and the $ftcoradition

(t (63) = 10.29, p < 0.01).

The analysis of the simple simple main effects showed rafisant effect of face with
some features receiving more gaze on the left face and otlbegson the right face. The
left eye received more gaze on the left face for the laftkncondition (F (1, 21) =5.7,p <
0.05), the right mask condition (F (1, 21) = 11.1, p < 0.01) and the both maskaroiéit
(1, 21) = 61.9, p < 0.01), however the left eye received more gaze aghhtace for the
no mask condition (F (1, 21) = 6.1, p < 0.05). The right eye received raaecap the
right face in the right mask condition (F (1, 21) = 31.3, p < 0.01) andeirboth mask
condition (F (1, 21) = 76.1, p < 0.01) and marginally more in the left masdition (F (1,
21) = 4.0, p = 0.06). The nose received more gaze on the right face lighhenask
condition (F (1, 21) 4.7, p < 0.05). Face side appeared to have no signifieahbafgaze

to the mouth (p > 0.1).

Unfamiliar faces

Figures 4.10a to 4.10d show the mean percentage of gaze to featunedafhdnd right

unfamiliar faces for all the mask conditions. The stimuli exasplave used both matched
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and mismatched pairs. Figure 4.11a and 4.11b show the mean percentgayee to
features on the left and right matched and mismatched facdsfactor ANOVA: Match
(match/mismatch), Mask (no mask, left mask, right mask, pdétage (left/right) and
Features (left eye, right eye, nose and mouth) was conducted pertieatage of eye gaze
to features on the unfamiliar faces. Results from the andtysi®l a main effect of mask
(F (3, 63) = 2.8, p < 0.05), faces in the left mask condition (3.3) receioed gaze per
feature than faces in the right mask condition (2.9) and the bothauoadkion (2.9), but
not more than the no mask condition (3.1) . There was a main effect of feat(Be83f=
10.2, p < 0.01), the left eye (3.8), right eye (3.4) and nose (4.7) aledamiore gaze than
the mouth (0.6). There was also a 3-way interaction for mask afad features (F (9, 189)

= 22.0, p < 0.01) and a 3-way interaction for match, face and fedku(8s63) = 4.6, p <

0.01).
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Figure 4.10a Mean percentage of gaze to the left dmight unfamiliar face with no mask.
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Figure 4.10b Mean percentage of gaze to the left dmight unfamiliar faces with the left mask.

(]

N

S

= 5 A O left eye
e O right eye
8 4] gnt ey
é B nose
o 34 W mouth
o

c

IS

(]

=

Left face Right face

Figure 4.10c Mean percentage of gaze to the left@might unfamiliar faces with the right mask.
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Figure 4.10d Mean percentage of gaze to the left dmight unfamiliar faces with the both mask.

The analysis of the simple simple main effects found that saa&rés received

significantly more gaze than others, depending on face side arld faere were no
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significant differences in gaze to features on the left aght dace in the no mask
condition (p > .1) see figure 4.10a. There were significant diffesentdhe gaze to
features for the left face in the left mask condition (F (3,#63)3, p < 0.05), but not the
right face in the left mask condition (p >.1) Planned comparisonte&bures on the left
face in the left mask condition found the left eye received imalg more gaze than the

right eye (t (63) = 1.76, p = 0.08) and the mouth (t (63) = 1.91, p = 0.06) see figure 4.10b.

The analysis of the simple simple main effects found there nersignificant differences
in gaze to the left face in the right mask condition (p > .1), kewéhere were some
significant differences in gaze to features on the right iia¢be right mask condition (F
(3, 63) = 3.3, p < 0.05). Planned comparisons for features on the righihféoe right

mask condition, found the right eye received marginally more thazethe left eye (t (63)

=1.72, p = 0.09) and mouth (t (63) = 1.83, p = 0.07) see figure 4.10c.

There were marginally significant differences in gazdéhi left face in the both mask
condition (F (3, 63) = 2.6, p =0.06) and for the right face in the both maskioon(ht(3,
63) = 2.8, p < 0.05). Planned comparisons for the features on theckefhfthe both mask
condition found the left eye received marginally more gaze thamalogh (t (63) = 1.70, p
= 0.09). Comparisons for features on the right face for the both roadiion found that
the right eye received marginally more gaze than the moy@8)t= 1.70, p = 0.09) see

figure 10.d.

The analysis of the simple simple main effects fronntlask, face and features interaction

revealed that there was a significant effect of the mask ttomdihe left eye (F (3, 63) =
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171.5, p < 0.01), right eye (F (3, 63) = 81.9, p < 0.01) and the nose (F (3, 63) = 6.0, p <
0.01) on the left face received more gaze in some conditions thas, @belid the left eye
(F (3, 63) =192.9, p < 0.01), right eye (F (3, 63) = 190.9, p < 0.01) and noses@ €3,

4.7, p < 0.01) on the right face.

Planned comparisons for features on the left face found theyéefieeeived more gaze in

the left mask condition, than the both mask condition (t (63) = 3.03, p < 0.01) and
comparisons with other conditions produced even higher t vales. Tlegdediso received
more gaze in the both mask condition than in the no mask condition (£ ®34, p <
0.01) and the right mask condition (t (63) = 9.67, p < 0.01). The right eg&edcmore

gaze on the left face when it was in the no mask condition, thalefthmask (t (63) =
7.99, p < 0.01) and both mask conditions (t (63) = 8.58, p < 0.01). The rightseye a
received more gaze in the right mask condition, than the lek (h&83) = 6.98, p < 0.01)

and the both mask conditions (t (63) = 7.58, p < 0.01). The nose on thedefeteived
more gaze in the no mask condition than in the both mask condition (E @8p, p <

0.01) and the right mask condition (t (63) = 2.16, p < 0.01).

Planned comparisons for features on the right face found the éefeegived more gaze in
the no mask condition than the right mask (t (63) = 12.5, p < 0.01) and thenhsk
condition (t (63) = 12.1, p < 0.01), it also received more in the lefk m@sdition than the
right mask (t (63) = 13.39, p < 0.01) and no mask condition (t (63) = 13.03, p <Thel)
right eye showed the opposite pattern, it received more gaze mgkhianask condition
than the no mask (t (63) = 11.96, p < 0.01) and the left mask condi{@8) & 12.59, p <
0.01), it also received more gaze in the both mask condition than thasio((63) =

11.0, p < 0.01), and left mask condition (t (63) = 11.65, p < 0.01). The nose receineed m
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gaze in the no mask condition (t (63) = 2.27, p < 0.05) and the both maskaro(tdi63)

= 2.27, p < 0.01) than the left mask condition.

There was also a significant effect of face with someufeatreceiving more gaze on the

left face, whereas others received more on the right facelelfireye received more gaze

on the left face for the left mask condition (F (1, 21) = 10.4, p < 0.01), the right mékk (F

21) = 15.0, p < 0.01) and the both mask condition (F (1, 21) = 77.4, p < 0.01), however for
the no mask condition (F (1, 21) = 15.0, p < 0.01), it received more gapa the right

face. The right eye received more gaze on the left fadddano mask condition (F (1, 21)

= 9.9, p < 0.01) and received more gaze on the right face for the right mask condition (F (1,
21) = 179.3, p < 0.01) and the both mask condition (F (1, 21) = 77.8, p < 0.01). Face side

appeared to have no significant effect on gaze to the nose and mouth (F < 1).
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Figure 4.11a The mean percentage of gaze to featsren the left and right matched faces.
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Figure 4.11b The mean percentage of gaze to featsren the left and right mismatched faces.

The analysis of the simple simple main effects for the méacle, and features interaction
(see figures 4.11a and 4.11b) revealed that some features receivedyamerén the
matched condition, whereas others received more in the misrdatonelition, however
when planned comparisons were conducted these differences were toourat be
statistically significant (p >.1). There were some diffeemnin gaze to features as a
function of face side, the left eye received more gaze on thdalee and this was
significant for the matched (F (1, 21) = 14.5, p < 0.01) and mismateled tF (1, 21) =
17.5, p < 0.01). Whereas the right eye received more gaze on theaagharfd this was
significant for the matched (F (1, 21) = 10.3, p < 0.01) and mismateled tF (1, 21) =
33.5, p < 0.01). The nose also received more gaze on the right fadbjsbwias only

significant for the mismatched faces (F (1, 21) = 5.9, p < 0.05).

There were also some significant differences in the amountzef tgafeatures. This was
significant for the left matched faces (F (3, 63) = 3.3, p < 0.05)f@dght mismatched

faces (F (3, 63) = 3.3, p < 0.05). However when planned comparisonsperéoemed
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upon the differences between gaze to features they were found twe regtitistically

significant (p >.1).

Results summary

There were more correct responses for the familiar than urdarf@ces and the mask
appeared to influence responses only for the unfamiliar faces. Botharhkar and
unfamiliar faces had main effects of features with the eypelsnose receiving more gaze
than the mouth. The familiar faces received more gaze toghethan left face and the
unfamiliar faces found that faces in the left mask conditionwedanore gaze per feature
than those in the other masked conditions. Overall the eye gazeeslatded that the
viewing patterns for the familiar and unfamiliar faces wexgy similar (see figures 4.8a-d
and 4.9a-d). There were however some differences that ardnexpia more detail

below.

Effect of Mask

When there was no mask, all the features received equal aafugdze and this was the
case for the familiar and the unfamiliar faces. When one or dfothe inner eyes were
masked, this increased gaze to the other unmasked eye on thddiatdee familiar and

unfamiliar faces the unmasked eye received more gaze whas ithe left eye on the left
face in the left mask condition, and the right eye on the rigi ii@ the right mask and

both mask condition.
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The eye gaze patterns for the left and right mask conditiores thve same for the familiar
and unfamiliar faces. In the left face left mask condition, ¢fieelye received more gaze
than the right eye (masked eye) and there were no differengazento features on the
right face. In the right face right mask condition, the rightregeived more gaze than the
left eye (masked eye) and there were no differences in gatte tleft face. In the both
mask condition there were some differences between the faamlibunfamiliar faces. For
the familiar faces, the right eye on the right face reckimere gaze than the left eye (the
masked eye) and there were no significant differences intgaeatures on the left face.
For the unfamiliar faces, the left eye on the left faceived more gaze than the right eye

(masked eye) and there were no differences in gaze to features on theceght fa

Effect of Match

Whether the faces matched, or mismatched appeared to have uengeflon viewing
patterns for the familiar faces. However there were sonferelifces for the unfamiliar
faces. There was an interaction with match, face and featboevever when planned
comparisons were conducted the differences as a function of matehnot found to be
statistically significant, and the overall pattern for theamatl and mismatched faces was

very similar (see figures 4.10a and 4.10b).

Effect of Face

The familiar faces had a main effect of face, with thatrigce receiving more gaze per
feature than the left face, this main effect was not staily significant for the unfamiliar
faces. Face did interact with mask and features for both thiégaiaand unfamiliar faces.
The left eye received more gaze on the right face for theask condition, but for all the

other masked conditions it received more gaze on the left fat¢hes was the same for
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the familiar and unfamiliar faces. The right eye received rgaee on the left face for the
no mask condition, but this was only significant for the unfamitaes$. In the other mask
conditions the right eye received more gaze on the right fadtdhés was significant for
both the familiar and unfamiliar faces. The nose received gazre on the right face for

the right mask condition, but this was only statistically significant foutifamiliar faces.

Discussion

The eye gaze data showed that masking one or more of the yeseatid affect gaze to the
other unmasked eyes and the pattern was very similarddathiliar and unfamiliar faces
(see figures 4.8a-d to 4.9a-d). When the right eye was maskibe teft face, it increased
gaze to the left eye on the left face, and when theeyeftwas masked on the right face, it
increased gaze to the right eye on the right face, when bothrteeayes were masked it
increased gaze to the outer eyes. This pattern was found for hmtfarhiliar and
unfamiliar faces and seems to show that when the informationissing to make a
matching decision, viewers will look elsewhere to obtain the mmébion they need to
make an accurate decision. There was an overall shift inggtrdiee to masking from

viewing only the eyes to all the other features.

By masking the inner eyes the scanning strategy observedperitbents 2, 3 and 4,
where the inner eyes are looked at more than the outer eyediswased and viewers had
to look more at the outer eyes of the faces. Even in the no maski@onttiere appeared
to be little evidence of this scanning strategy observed in pregiperiments. However,

the left eye did receive more gaze on the right face for theask condition, for both the
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familiar and unfamiliar faces and the right eye received rgaee on the left face for the
unfamiliar faces in the no mask condition. When the faces wemaasied all the features
appeared to receive similar amounts of gaze and there was nfobide eyes. It is
possible that masking the eyes changed the way that the unmaslkeddaeeiewed, with
the gaze was being distributed more evenly for the unmaskesd. fahis seems to show
that manipulating some faces changed the overall viewiatggly too all faces, even those

that were not manipulated.

Although there initially appeared to be an effect of match, whempthcomparisons were
performed these differences were found to not be statistiagihyfisant. The viewing

patterns for the matched and mismatched faces are venarsiamtl neither condition
appears to show a bias for particular features (see figures @tl0O&.10b). Whether the
faces matched or mismatched did influence task performanceydki®nly the case for

the unfamiliar faces.

Looking at the task performance it appeared that the presence of a reaiikeanner eyes
only affected accuracy for the unfamiliar faces and the famfiices were unaffected by
masking the eyes. Responses for unfamiliar faces wereemnoreprone for the both mask
condition than the no mask and right mask condition. Responses for the lianféanes

were more accurate when the faces matched, but only for tlmask and both mask

conditions.

When the unfamiliar faces matched, there were more caespbnses for the no mask

condition than the both mask and left mask condition. This seems totlshbaven when
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only the right eye is masked on the left face and the fasetha same person, this can
impair matching. However when the left eye was masked omighe face this did not
impair performance and for the mismatched faces accuracywategthan the no mask
condition. Although first fixation data was not collected for thipegknent, it could be
suggested that viewers looked initially at the face on thealefresults from previous
experiments have found (Experiments 3, 4 and 6) and use this facermparison face to
compare/contrast with the face on the right. If the rightieyeasked on the left face, then
the internal representation will be lacking in featural infdromato compare to the right

face and this could impede matching more than masking the left eye oghthiace.

The results have shown that when a pair of faces is unfamilmmtasking the inner eyes

and in some cases the left eye on the right face, can imp&himg performance. These
findings support previous research that has shown that recognéiome: impaired by
masking the eyes and eyebrow region (Sadr et al., 2003; White, 2004). Wheesthecey
unmasked, they received more gaze than the other featuremiigr conditions, this has
been found by previous studies using eye movements (Althoff & Cohen, 1998n Rar

al., 2006; Henderson et al., 2001, Henderson et al., 2005; Janik et al., 1978). If the eyes ar
looked at more than other features because of their importanéactrecognition and
matching, and masking them impairs recognition and matchingweshare people able

to recognise pairs of eyes without the other facial features?

Experiment 8

In this experiment the aim was to investigate how well ppditis could perform a

matching task when only presented with the eye regions of tvas,faxs all previous

196



studies have found that the eyes were the most important fedburearrying out a
matching task. Goffaux and Rossion (2006) presented a target thatther a whole face,
or a pair of eyes. This was followed by probe items thaé w#her a pair of faces or two
pairs of eyes and participants had to decide which had been previoysayeiis (whole
faces were always followed by whole faces and eyes Is8).elyethe test phase one of the

probe items was always identical to the previously presented target item.

They found that performance was more accurate (approx 87 9ddowhole faces, as
compared to the eyes alone (approx 78 %), responses were gsddathe whole faces
than the eyes alone. However they did not present the faces sieauitdy and therefore
recognition was reliant on memory for the previously presentedy@meather than

matching.

Method

Participants

26 participants took part in the study (18 female); all were stadm members of staff at

the Department of Psychology, Glasgow University. All were a@bleecognise faces

displayed via a monitor without glasses. The participants were paid ifiotinne

Stimuli

The stimuli consisted of 160 pairs of male eyes, half were fafacas and half were from

unfamiliar faces. They were presented two pairs at a timé wsae the same identity
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(different images) and half were two different identities. The eyiemegas approximately
2cm by 6cm and included the eyebrows. The eyebrows were includedyesipresearch
has shown that the eyebrows are also important for face rdoogsib this area was left to
maximise performance (Sadr et al., 2003; White, 2004). The imaghitien of 72 pixels
per inch, and the pairs of eyes were presented side by sidisthnce of 5¢cm. (see figure
4.11). All the images were converted to grey scale and cropped arouege)eso they
were presented on a white background. The stimuli were presentéd imeh monitor

using Experiment Builder, SR Research.

Figure 4.12. Unfamiliar matched eyes, unfamiliar mématched eyes.

Design & Procedure

The experiment employed a 2-factr within subjects design. Tis¢ Wariable was

familiarity (familiar/unfamiliar) and the second variablessaatch (match/mismatch). The
participants were instructed that they would be presented wihpais of eyes and the
task was to press one key if the eyes were the same pad@nather key if they were
two different people. Each pair was presented for 2 seconds. Tha@cevas recorded

and analysed using Dataviewer 3.1, SR Research.
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Results

Figure 4.13 shows the mean accuracy for matching the faaidwunfamiliar eyes. A 2-
factor ANOVA,; Familiarity (familiar/unfamiliar) and Makc(match/mismatch) was carried
out of on the response data. The results found a main effect of reggshthat matched
received more correct responses than eyes that mismatchétl (264 %, F (1, 25) =
6.712, p > 0.05). There was also a significant interaction for faityliand match (F (1,
25) = 18.924, p > 0.01) which revealed unfamiliar eyes received significaore correct
responses when they matched, than when they mismatched (F (112%96%, p > 0.01).
Furthermore, when the eyes matched, the unfamiliar eyesedoiore correct responses
than the familiar eyes (F (1, 25) =15.892, p > 0.01), however when the)atoisd the
familiar eyes received more correct responses than the Uiafaeyies (F (1, 25) =10.590,

p > 0.01).

100 4
95 +
90 +
85
80 -
75 4
70
65 -
60 -
55 4
50

Omatch
HE mismatch

Mean percentage accuracy

familiar unfamiliar

Figure 4.13. The mean correct responses for familiand unfamiliar matched and mismatched eyes.

Discussion

The results found that when trying to match two pairs of epesfamiliar eyes received
more correct responses when they were two different peopleeaghthe unfamiliar eyes

received more correct responses when they were the sama.pEng unfamiliar eyes in
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the matched condition may have received more correct responsassdetey were
obtained from a database of face images that were takemohgifferent cameras, but on
the same day with the same lighting. Therefore the imigethe unfamiliar eyes would
have less variation than those of the famous eyes, as they weranfiages obtained
through internet searches and could have been taken under different lightingoosratil

also with large time separations between them.

The accuracy results are comparable to those found in anothetlstgyesented eyes for
a recognition task, especially the unfamiliar mismatcheels.egauffaux and Rossion
(2006) found that when eyes were presented as FB images, acvasapproximately 78
%. However their task was slightly different, as partictpgoresented with a target pair of
eyes, and then two probe sets of eyes and the task was te iflerid set was the same as
those that had previously been presented. One of the probe eyes was alwaa tdahe
target eyes and therefore they did not have to make a mismaistodeAlso because the
images were identical rather than two different images ofs#me person, participants
could have been making an image match, rather than a recognitio, itine$ could lead

to higher accuracy rates.

The matching accuracy for the eyes alone was less tharothahbéle faces, if compared
to the whole unmasked faces presented in Experiment 7 (see tablks4tli¢ table below
shows, for all conditions the whole faces have an advantage overethaleye, this was
also a finding by Gauffaux and Rossion (2006). The pattern of resiteén the whole
faces and eyes are similar as responses for the faitellas are more accurate when the

items are mismatched, whereas for unfamiliar items the resp@me more accurate when
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the items match. Again this could be due to the image propestigtee aunfamiliar items

are more homogenous than the familiar ones.

Condition Whole face Eyes
Familiar matched 86.0 % 65.6 %
Familiar mismatched 95.1 % 69.2 %
Unfamiliar matched 92.2 % 78.8 %
Unfamiliar mismatched 71.4 % 58.5 %

Table 4.1 Mean percentage accuracy for whole unmast faces (Experiment 7) and eyes alone.

This experiment unsurprisingly has shown that although participantperdorm above
chance, when trying to determine if two pairs of eyes areame person, being presented
with only the eye regions leads to a much poorer performancebéiag presented with

whole faces.

General Discussion

The aim of this chapter was to investigate whether manipgléti@ image properties of
faces, by either filtering them to the low spatial frequesycte masking the inner eyes
influenced matching performance and viewing patterns. Previgeandh has found that

the eyes are the most viewed features when carrying outognigon task (Althoff &
Cohen, 1999; Barton et al., 2006; Henderson et al., 2001, Henderson et al., 200%; Janik ¢
al, 1978) and the eyes are also important when carrying out fatehinga tasks
(O’'Donnell & Bruce, 2001). Another aim was also to discover how wetigi@ants can

perform a matching task when only presented with the eye regi@meaous research has
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found that recognition performance is less accurate when onlyates is presented,

compared to whole faces (Gauffaux and Rossion, 2006).

The viewing patterns for Experiment 6 did vary from the LSF images to thased¢re FB
images. Although there was an overall bias for the eyes)abe seemed to receive more
gaze on the left face if it was a LSF image. For Exparirie masking one or both of the
inner eyes increased gaze to the other unmasked eyes. This teeamsw that by
manipulating the image properties, through SF filtering or mgsfeatures, the usual
viewing patterns can be disrupted. Even when faces are not maeihulden they are
presented with faces that are manipulated there is a shife iway the faces are viewed,
therefore manipulating one face can alter the way anothe(tfaateis not manipulated) is

viewed.

For both Experiment 6 and 7 however, there still seemed to be #obite inner eyes
(right eye on left face and left eye on right face), and teegived more gaze than the
outer eyes (left eye on left face and right eye on rigbe)¥ when they were unmasked.
This viewing strategy of scanning between the inner eyes Isas sden found in
Experiments 2, 3 and 4 and seems to suggest that vieweusiagea global strategy to
obtain a holistic impression of the face and by scanning the iyeerveewers, are using

the shortest route possible to look at one eye on each face.

Looking at task performance for the experiments, the resultEXperiment 6 found that
responses for the matched faces were more error prone whetft faed was a LSF image

and the right face was a FB image, as compared to thefaightbeing a LSF image or
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when both images were LSF images. Whilst Experiment 7 found respdos the
unfamiliar matched faces were more error prone when the nyghoe the left face was
masked, as compared to the left eye on the right face beskpthaThese results seem to
show that manipulating the image of the left face seems twrsely affect matching more
than manipulating the image of the right face. This could be becaewers look at the
face on the left first and use it as a comparison to congoarteast with the face on the
right, if the left image has been manipulated so that sortteeahformation is missing or

unclear, then it makes the matching process more difficult and error prone.

There were however some differences in performance betweexperiments 6 and 7.
For Experiment 6 responses for matched faces were marepeone when the left face
was a LSF image, than when both images were LSF images.veofee Experiment 7
responses for unfamiliar mismatched were more error prone whefabethwere masked,
as compared to all the other masked conditions. This seems tdahstawanipulating the
spatial frequency of the left face impairs matching mora thasking the right eye of the

left face.

Finally, although Experiments 6 and 7 have shown the importahtiee eyes for face
matching, as have previous studies (O’'Donnell & Bruce, 2001), Expsti8 found the
eye regions alone are not sufficient for accurate matchirfgrpeance. The results from
this experiment and findings from previous research (Gauffaux assidt, 2006) which
has found that being presented with whole faces will lead to morerate matching

decisions, than being presented with only the eye regions.
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Chapter Five

An investigation of scanning biases for
face and object matching.
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Introduction

The previous chapters have investigated how manipulating the way facarpgresented
influences matching accuracy and viewing patterns. Althoughmtie focus of the earlier
chapters was looking at differences in the amount of gaspdoaific features, for three
experiments there was a consistent finding. The first fixatralysis for Experiments 3, 4
and 6 reported that for three-quarters of the trials, the fackeoleft was viewed before
the face on the right. The left perceptual bias has been found inousm&udies using
individual faces, but to date this has not been reported using fase Plag¢ aim of this
chapter is to investigate the leftward bias for face garse-analysing the first fixation
data for Experiments 3, 4 and 6, whilst including the additional vasatfléamiliarity,
face match, inversion, distance between the faces and low Spaqiaéncy images to see
if they influence the bias to look initially at the left fadaother aim is to investigate
whether presenting pairs of similar objects produces a viehiagywhen carrying out a

matching task.

Early research by Wolf (1933) found when viewers were presevitked target face and a
face that was a combination of either both left sides of tte far right sides of the face,
participants consistently reported the face made from the letthbboked more like the
original image than the face made from the right halves. Thesesince been a wealth of
research investigating the perceptual bias when lookingces fand this has used three
main paradigms. The first is the use of chimeric face stimidiere the two halves of a
face are combined to make a new image and participantskeae #®@ make a decision such
as age, gender, expression or attractiveness and it can baidetewhich half of the face
they used to make their decision. The second are visual field studies,paheripants are

asked to fixate on a central point and stimuli are presentedyli@80Dms or less) to one or
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both visual fields, minimising the chance that viewers can makeya movement.
Response times and accuracy measures are used to determinelhtive corresponding
hemisphere can process the information; e.g. the right hemesfREl) processes stimuli
in the left visual field (LVF). The third and the least reporieethod, uses eye movement

measures to examine the bias in gaze towards either the left ondigbt the face.

Perceptual asymmetries using chimeric faces

Early studies using chimeric faces suggested that thevigefal field bias related to the
properties of the face, rather than the viewer (Wolf, 1933). Then GahdrBakan (1973)

found that when the original target face was mirror reversenyers still chose faces
made from the left half (right side of the original imags)looking more like the target
face. They concluded that the left bias was due to the vieperséptual asymmetries and
a right hemisphere specialisation for face processing, rdtaerthe physical properties of
the faces themselves. This was in accordance with neuropsycablasearch reporting
that damage to the right hemisphere led to impaired faciagnégcan (De Renzi &

Spinnler, 1966).

More recent research using chimeric faces has shown thaftigeiceptual bias can be
found for a variety of tasks such as: judgements of emotioactiness, gender and age
(Burt & Perrett, 1997; David, 1989; Levine & Levy, 1986). However whencdaskdip
read from a chimeric face, a right bias emerged (BuReSrett, 1997). This seemed to
show that the right hemisphere was involved in most face progdssiks, however when

viewers were asked to make a decision involving language,ethéhémisphere was

206



activated, leading to a right visual bias. There are other fatitat are thought to influence

the degree of perceptual bias that viewers elicit when viewing faces.

Age is one factor that can influence the degree of perceptsalResearch using chimeric
faces has shown that the left bias emerges from about 5ofeage, however it seems to
decline after the age of 60 years (Failla, Sheppard, & Brad2208), the same finding
has been found with visual field research (Levine & Levy, 1986). Andttor that
seems to influence perceptual bias is familiarity. Brandg eolleagues found when the
target face is someone very familiar, viewers will conetstechoose chimeric faces made
from the left halves, even if the target face is mirrarersed, (i.e. on the right side of
space). However, viewers unfamiliar with the target facisctwbose the faces made from
the halves on the left side of space regardless of the miwersesl target face. This
seemed to provide some evidence that facial asymmetrietoegd ;1 memory. However
when viewers were shown their own face, they were more likebhoose a face made
from the right halves as they look in a mirror (Brady, CampBeFlaherty, 2004, 2005).
They suggest the reason for the disparity between viewinghidaface and ones own
face, is that face processing is a predominately a righispbere process, whereas self
recognition and self concept are thought to be left hemispherespescéBrady, Campbell,

& Flaherty, 2005).

Other factors thought to influence the perceptual bias are handednes reading
direction. In a study by David (1989) viewers had to judge the emdtiarcloimeric face.
The results showed there was a consistent left bias for thiehagders, but not the left-
handers. However, Vaid and Singh (1989) found no reliable differencelation to

handedness, but an influence of reading direction. They presented chewes to Hindi
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readers (left to right), Arabic readers (right to left), Hibddu readers (bidirectional) and
illiterates. They found that the Hindi readers had the strongéstards bias (83.3 %),
whilst the Arabic readers had a rightward bias that did nohrsigmificance (53 %) and

the bidirectional and illiterate group showed no overall bias.

Heath, Rouhana and Ghanem (2005) tried to replicate Vaid agt’'Sif1989) findings
using larger samples for each group, they used; English/Frgaman script) only
readers, Arabic only readers, participants that used a motiRreman and Arabic scripts
and illiterates. They found handedness influenced the Roman only abat Anly groups,
and right-handers in the Roman only group showed the greatest tiftivias and right-
handed Arabic only group showed no bias. The left-handed Roman only group & Ara
only group who were ambidextrous showed the greatest rightward Ihieg.also found
half of the bidirectional readers had a left bias, whilst the dthrhad a right bias, and
the illiterates showed a slight left bias. They concluded ttiadwegh face perception was a
right hemisphere task for right-handers, handedness and readingodireguld also

influence scanning biases.

Not all studies have found a perceptual bias, one early study foundgmicant
differences in the perceptual bias for readers of Englistebrew (right to left), or for left
or right-handed participants, and all were found to have an ovefabibs (Gilbert &
Bakan, 1973). However this study could be criticised as martyedfiebrew subjects had
learnt English from 13 years of age, which might influence sogrmiases. Also Vaid and
Singh (1989) noted that Hebrew arithmetic and music reads ffoto lkeght and therefore

a weakened left bias might still be present.
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Perceptual asymmetries using the visual field pgrad

The research described so far has used chimeric faces to idetevhrether a decision
about a face based on either the left or right side, however oearch has used the
visual field paradigm, of briefly presenting stimuli to one or bogual fields (VF). There
are several studies that have found that recognition of facgperior when shown to the
left visual field (LVF), whereas word recognition or lexicdécisions have higher
performance when presented to the right visual field (RVF) éDé&ttMandal, 2002;
Hagenbeek & Van Strien, 2002). However there are some incongstem in some

cases the LVF bias is not always present (Rhodes, 1985Db).

It has been suggested that responding verbally, as opposed to using respades, may
activate the left hemisphere (LH), as it is the dominant $imeire for language, and this
could result in a right visual field bias. However, the LH cannaatirébuted exclusively
to naming, as Sergent (1982) found LH superiority in the judgement cofpational
categories. Other studies have also found RH superiority fos thask require naming
(Glass, Bradshaw, Day, & Umilta, 1985; Levine & Koch-Weser, 1982)coiling to
Rhodes (1985) names and semantic information activate the leftgiemasand the visual

information about a face activates the RH.

One reason that RH might be dominant for face processing, ishth&H is associated
with holistic or global processing and is activated for othessela of homogenous stimuli
that can be individuated using configural cues (Rhodes, 1993). AndersoRaakid

(1985) found a LVF advantage for matching pairs of hands, but not asepl# has also

been suggested that the RH is activated when presented witlpatnad $requency (LSF)
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images, whereas the LH is involved more with high spatial frequéHSF) processing
(Sergent, 1982). However there is research that has shown tleé34s are not confined

to only the left and right VFs.

Hagenbeek and Van Strien (2002) examined visual half-field asymesm@nd reported
there was a lower left and upper right visual field advantage ftace-matching task,
whereas for a letter naming task there was an uppenigl field bias. They argue that
they may have obtained an upper right visual field advantage derpiacessing, as the
faces presented were cartoon faces and not real images, wddinene been processed in
a local/featural fashion, and use different cortical areas thaongraphs. Whereas if they
had used real images of faces they may have been processegblmal/holistic fashion,
which would have produced a left visual field advantage that has beed in so many

previous studies.

Although many studies have found some kind of asymmetry in facessingdasks, there
have been some studies that have found no asymmetry for fagmitieco (Kampf,
Nachson, & Babkoff, 2002; Rhodes & Wooding, 1989). Kampf et al., (2002) eese
faces to the left, centre and right visual fields and askedciparits to make various
judgements; such as whether the object was a face, fatyjliaccupation and name.
Participants either pressed a response button, gave a verbal respbosie together. The
results reported that presentation to the central visual field prddbeeshortest response
times and there were no significant differences for thealadt right visual fields, this was
found for all the different judgement tasks and for the differgoes of responses. They
concluded that familiar face recognition was not lateralisedthag found no visual

superiority.
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Although not all the studies described have found a LVF bias fesfdtee majority do
seem to find this pattern. This left perceptual bias is thought ttubd¢o RH dominance
for face processing, and may also be influenced by readingtidire however there is
some evidence that this is reflected in eye movement patiathscanning biases when

viewing faces.

Eye movement studies investigating the left vidigddl bias for faces.

Early research by Yarbus (1967) suggested that the left gjaged to be looked at more
than the right side, however the stimuli were line drawings r@ot very realistic. Since
then a number of eye movement studies have found a leftwards befected in eye
movements when viewing faces. Phillips and David (1997) found that health)gcts
showed an overall bias to look at the left side of a face, fiveereas schizophrenic
subjects showed the reverse and made more first saccatiesright sides. They suggest

that the right bias for the schizophrenic group could reflect a right hemisplstuaction.

There is research that compared the viewing patternsdes fand other types of stimuli.
Mertens, Siegmund and Grusser (1993) presented faces and vasesdrdl l&dtibias for
the faces, but not the vases. They mirror reversed the facasenany of the stimuli had
more salient details on the left side, however they still found aralb\eas towards the
left side of space, regardless of the mirror reversal. benagtudy that presented faces,
landscapes and fractals also found that there were significaotlg first saccades to the
left side of faces as compared to the other stimuli. When t®s faere presented so that
they were inverted there was a reduction in the number of fustades to the left,

however there was still a slight leftwards bias (Leonardscé&ttSSamuel, 2005). In
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another study using chimeric faces and a gender decisiors iteparted that inversion did
reduce the bias as compared to upright faces, however there Waslstiwards bias

(Butler & Harvey, 2005).

In another study, Butler et al., (2005) presented chimeric faces dender decision and
found that 75 percent of first fixations were made to the lethe@fdce. Additionally when
participants initially made a saccade to the left side greguced more left saccades and
fixated for longer on the left side. Even when gender decisionshasezl on the right side
of the face, participants still looked initially to the left @h percent of trials. However
Butler and Harvey (2006) argue that eye movement studies cannoexpligin the left
perceptual bias. They conducted a gender task using chimezgctfaat were presented for
only 100ms, so that the viewers were not able to saccade totegheft or right and still
found a reduced, but significant left perceptual bias for responsesy sliggest that
allowing eye movements enhances the left perceptual bias, buhoiorscessarily cause

it.

All of the studies described so far have found a left perceptuaffdmdaces, however the
majority have used individual faces. There is no research totdatehas examined
whether the left perceptual bias is present when presentedpuaiith of faces for a
matching task. It has also not been examined whether inverigairs of faces will
decrease the bias towards the left as has been found in previdies $Leonards & Scott-

Samuel, 2005).
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Experiment 3 re-analysis

The aim of this experiment reported in chapter 2, was to ine¢stighether inverting
faces, so that they are upside down influences the bias t@idbk face on the left before
the face on the right. When faces are upright they are believasl poocessed more in a
configural or holistic manner, however when they are inverted ¢hidslto more featural
processing, and faces are thought to be processed more like otloes @Bputhier et al.,
1999; Haxby et al., 1999a; Rossion & Gauthier, 2002). If the facesa@resged featurally
when they are inverted this may weaken the left perceptualdsiabe process might not

be dominated by the right hemisphere.

Previous research investigating the perceptual bias foresiagés has found inconsistent
results; Rhodes (1993) found a left bias for upright faces, but notedvites. Whilst
Butler and Harvey (2005) found the left bias was reduced for thet@avé&aces, but still
above chance. They argued that the inversion of face-like stilmedi not abolish the right
superiority effect for face processing. There is howeverrearch that has investigated

the perceptual bias for pairs of faces and whether it is influenced by facgonve

In Experiment 3 (chapter 2) the eye gaze data reportedvlasra left perceptual bias and
the left face received significantly more first fixations than tgbtriace, however only a t-
test was performed on this data and the other factors such asany&siiliarity and face
match, were not included in the analysis. The first fixation da@tanew be re-analysed
including the factors; familiarity, face orientation and fat&tch, for the methodology see

chapter 2.
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Location of first fixation

Figure 5.1a shows the mean percentage of first fixations ttethé&ce for the familiar
faces and figure 5.1b shows the mean percentage of first fixatidhe left face for the
unfamiliar faces. A 3-factor ANOVA was performed on the petage of first fixations to
the left face Familiarity (familiar/unfamiliar), Matclimatch/mismatch), Orientation
(upright/inverted). The results from the analysis found no signifioaaih effects, but

there was a significant 3-way interaction between all the factods @3] = 7.1, p < 0.05).

The simple simple main effects from the interaction reweateersion significantly
decreased the number of first fixations to the left facesoiyt for the familiar matched
faces (F (1, 23) = 6.8, p < 0.05). There were some significantefieatatch, the familiar
upright faces (F (1, 23) = 5.7, p < 0.05) and unfamiliar inverted f&cék, 23) =4.9, p <
0.05) received more fixations to the left face when the fashed, however the familiar
inverted faces (F (1, 23) = 15.4, p < 0.05) and the unfamiliar upright fadés 23) = 4.2,
p = 0.05) received more first fixations to the left face whenfabes mismatched. There
was also an effect of familiarity, the matched inverteddaeeeived more first fixations to
the left face when the faces were unfamiliar as comparbdihg familiar (F (1, 23) = 6.4,

p < 0.05).
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Figure 5.3a Mean percentage of first fixations tohe left face for the familiar matched and
mismatched faces.

Figure 5.1b Mean percentage of first fixations tohe left face for the unfamiliar matched and
mismatched faces.

Discussion

The overall pattern for the familiar and unfamiliar and matcmednaismatched faces was
very similar, there was a very strong bias to look at thddeé first regardless of the other

factors. Face inversion only reduced the number of first fixatiorike left face for the

familiar matched faces.
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As there have been no other studies investigating the perceptudbbirs of faces, all
comparisons to previous research rely on studies using individual faavious research
by Butler & Harvey (2005) found that when viewing upright and iragethimeric faces
there was still an overall bias for the left side of the fad#th conditions, however it was
significantly reduced when the faces were inverted. They argue thah¥@ecsion does not
destroy the left superiority for face processing, as tiva® still an overall bias for the left
face in the inverted faces condition. However other research by R{&#8#%) found that
there was no perceptual bias for inverted faces. Both of thesesstiseie slightly different
paradigms as Butler & Harvey (2005) used chimeric faces and RI{p8®@3) used the

visual field paradigm, this might help to explain why they found different results.

There were some differences due to inversion for Experiment 3 aadld be argued that
the reason there were fewer first fixations to the le flac the inverted familiar matched
condition is because viewers were using more of a featural gsiogestrategy, than
holistic or configural processing. However there was still @Vdrias for the left face,
regardless of all the other factors and the results are antgnath Butler and Harvey’s
(2005) finding that inversion does not abolish the right hemisphere sufyefarrfaces

processing.

Experiment 4 re-analysis

The aim of this experiment reported in chapter 3, was to investigav manipulating the
distance between a pair of faces influences the leftwardgdriésce matching. Megreya
and Burton (2006) reported that when a face pair was presentedididioragl0-face array,

matching the left face with a face from the array was more acdheatanatching the right
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face. They suggested that this might reflect a left ot sganning strategy, however they
had no eye movement data to confirm this. In Experiment 4 itreasrted that the
majority of first fixations were made to the left face; nawe-analysis will be carried out
including familiarity, face match and distance between thesfdesr the methodology see

chapter 3.

Location of first fixation

A 3-factor ANOVA was conducted on the percentage of first fixetito the left face;
Familiarity (familiar/unfamiliar), Match (match/mismatcland Distance (near/far). The
results found a significant effect of distance, with more firsttions to the left face in the
far condition than the near condition (84.9 % vs. 81.6 %; F (1, 23) = 5.4, p < 0.88. Th

were no other significant main effects or interactions.

Discussion

Again there appeared to be an overall bias for the left fegardless of familiarity and
match, however this bias was slightly reduced when the facesplaared close together.
Megreya and Burton (2006) found that when faces were close togetth@ompared to a
ten-face array, performance was worse than when the facesfuvdrer apart. They
suggest when faces are close together performance#red because the faces interfere
with one another. The response data from Experiment 3 (see cBam@iso found that
when unfamiliar faces were matched and close together, respease more error prone

than when they were further a part. This might also be refldotéhe decrease of the
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leftwards bias for the first fixation. Perhaps when the farescloser together there is

more interference from the right face and this hinders matching perfagmanc

Experiment 6 re-analysis

The aim of this experiment reported in chapter 4, was to inaestigow filtering the
spatial frequency (SF) of face images would affect thealnigftwards bias for face
matching. Research has shown that when faces are presehi®l amages this promotes
more holistic or global processing, whereas if they are H&fges this promotes featural
processing (Goffaux, et al., 2005; Goffaux & Rossion, 2006; Sergent, 198Gk been
suggested that holistic processing is predominantly a RHegsoand featural processing
occurs more in the LH. A number of studies have reported pdefeptual bias for LSF

images (Grabowska & Nowicka, 1996; Keenan, Whitman, & Pepe, 1989).

The accuracy data for Experiment 6 reported that matchingnees error prone when the
left face was a LSF image and the right face was ank)é. There was also another
finding, there were more first fixations to the left facentti@e right face; however this was
only analysed using a t-test and the other factors were not itdkeconsideration. The
first fixation data will now be re-analysed including thetéas of face match and spatial
frequency (SF) of the image (for the methodology see chapter 4). If pragéSHt images
of faces is a RH task then this might produce a strongerfdndsst fixations to the left

face than the FB images.
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Location of first fixation

Figure 5.2 shows the mean percentage of first fixations to fthmadéched and mismatched
faces. A 2-factor ANOVA was conducted; Match (match/mismatsiy SF (FB, LSF,
LSF left, LSF right). There was a main effect of match,ntta¢ched faces received more
first fixations to the left face, than the mismatched $a@d..7 % vs. 87 %; F (1, 23) = 8.6,
p < 0.01). There was a main effect of SF (F (1, 23) = 10.0, p < Oh@lkB (92 %), LSF
(91.1 %) and LSF right (92 %) conditions all received more fixsttifons to the left face
than the LSF left condition (82.4%). There was also a significanty? interaction

between match and SF (F (3, 69) = 5.9, p < 0.01).

EEEO

Figure 5.2 Mean percentage of first fixations to th left face for the matched and mismatched faces.

The simple main effects for the interaction revealed the L&F condition received
significantly more first fixations to the left face when faees matched, than when they
mismatched (F (1, 23) = 24.5, p < 0.01). Planned comparisons for thetchsa faces
found there were significantly less first fixations to the fa€e for the LSF left condition,

as compared to all the other SF conditions (p < 0.01).
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Discussion

The results from the first fixation analysis have revealetabavith Experiments 3 and 4
there was an overall bias to look at the left face first. Hewevhen faces were two
different people and the left face was a LSF image anddheface was a FB image the
number of first fixations to the left face decreased as cadparthe "other SF conditions.
The LSF left condition was also found to be the most error prone for responsesafses
4), however responses were more error prone for the LSF left condrtien the faces

matched, rather than mismatched.

There does not seem to be any evidence to support the theory thabdagds activate the
RH more than the FB images, as the LSF images did not rdcayaificantly more first
saccades to the left than the FB images. However therarwasgerall strong bias to look
initially at the left face first regardless of SF, perhagsthe bias for the left face was
already almost at ceiling, filtering the faces to ti8FLcould not increase the leftward bias

any further.

These data appear to show that when the face on the |dfSE amage and the right face
iIs a FB image the overall leftwards bias is reduced, but dmheifaces are two different
people. This could be because viewers are drawn to the more deRilietage on the

right, however not enough to look there initially for the majorityriafls, as there is still a

strong bias to look at the left face first.

All of the experiments described so far have used pairs of faces matching task and

reported that although some factors can slightly reduce thal ilgtiwards bias, there is
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still a strong bias to look at the left face before the facehe right. There are two main
explanations for this bias; the right hemisphere dominance forpi@messing, and the
cultural bias to scan left to right due to reading direction. Blewing experiment will

investigate whether the bias of looking at one specific itest ¢an also be found for

matching pairs of objects.

Experiment 9

This experiment used pairs of line drawn images from the Magdeamiliar Figures Test

(MFFT), used to measure impulsivity, reflectivity, attentionatl acognitive processes
(Kagan, 1965). This test usually consists of one target item anchtharray of 6 similar

items, one of which is identical to the target item. Viesmben have to decide which item
from the array is identical to the target. However in Expent 9 only pairs of items were
used to complement the face-matching task. Items fronVIFIET were used as previous
research has shown performance on this task correlates withingaa target face to an

array (Megreya & Burton, 2006).

The images are HSF images (see figure 5.3) as they eplgtdhe outlines and edges of
objects with little shading or LSF information. The imagesase very similar and only
differ on one particular feature, for example for the pair of bésyonly the handlebars
differ. As the items are very similar, and viewers have to foolone difference between
the features, it could be suggested that a featural scarnnatggy is used rather than a
holistic scanning strategy. If participants use more featurakpsoitg and the images only

contain HSF information, the matching process may activaté kthand might lead to
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more of a RVF bias. However there could still be an influencauldfiral scanning biases

from reading and handedness, which might still produce a left bias.

Previous research presenting objects has found inconsistent rédelt®ns et al. (1993)
found a left bias for faces, but no bias when viewing vases. LevemractB and Koch-

Weser (1988) found that there was a left bias for faces and hbusest for chairs. Some
research has reported there can sometimes be a left drsiasbjects, under some
circumstances. When categorising an object at the basic(éegecar) there is usually a
RVF superiority, however when an object is identified as a speedemplar (e.g.

Volkswagen Golf) it is more quickly matched to a label wheesented in the LVF
(Laeng, Zarrinpar, & Kosslyn, 2003). This shows that the RH is aisolved in

processing objects, but only when discriminating or categorigrgific exemplars, and
not at the basic level for object categorisation. All of thésdiess have used individual
items for either a categorisation or recognition task. Howehen similar pairs of objects

are presented for a discrimination task, will this then reflect a RH or béeps?

Method

Participants

24 right-handed participants took part in the study (14 female)wealde students or
members of staff at the Department of Psychology, Glasgoweltsiiy. All were native
readers of left to right scripts and were able to recogniscbgisplayed via a monitor

without glasses. The participants were paid for their time.
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Stimuli

The stimuli consisted of 36 pairs of objects from the Matchiagikar Figures Test
(MFFT) (Kaplan, 1965). Although the pairs had similar appearanak were identical
and half were slightly different (see figure 5.3). The imaggolution was 72 pixels per
inch, and the figures were presented side by side with 5cm between them. Theweaege
grey scale and presented on a white background. The stimulipregented on 17 inch

screen monitor using Experiment Builder, SR Research.

Figure 5.3 Examples of matched objects and mismatel objects.

Apparatus

The participants’ eye movements were measured using the headeth@RtResearch
EyelLink System; data was recorded from only the right €gie stimuli were presented in
two blocks. A nine-point calibration was carried out at the beginoireach block and a

drift correction was performed at the beginning of each trial.
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Design & Procedure

The experiment employed a within subjects design, all the pentits saw all the pairs
and the objects either matched, or mismatched. The participantsnseteted that they
would be presented with pairs of very similar objects and theydagtermine if they
were identical, or slightly different. The participant’s tagks to press one key if the pair
was the same and another key if they were different, and eaclamipresented for 2

seconds.

Results

Task performance

A within subjects t test was performed on the correct respaatse The analysis found
that there were significantly more correct responses wieoljects matched, than when

they mismatched (93.8 % vs. 62.3 %; t (23) = 7.49, p < 0.01).

Location of first fixation

The location of the first fixation (left object/right objectasvdetermined using Dataviewer
(SR Research). A 2-factor within subjects ANOVA was conductedenotcation of the
first fixation data; Match (match/mismatch) and First tiic@ location (left object/right
object). The analysis found there was a main effect of fixation, withifis@ntly more first
fixations to the left object than the right object (82.4 % vs. 17.5 &; B3) = 42.2, p <

0.01). There was no other significant main effect, or interaction.
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Discussion

The results from the first fixation analysis revealed that thereawasy strong bias to look
at the object on the left before looking at the object on th#.ribhis shows that the
leftwards bias is not only found for face stimuli, but can alsorbegmt when presented

with pairs of similar objects.

As the task required the viewers to look for small differemetaeen the two objects it is
doubtful that they were carrying out a global or holistic scansetrafegy and it seems
more plausible that they were using some kind of featural pimgesHowever there was
still a very strong leftward bias, which indicates that theyeausing the right hemisphere
for the task. The viewers however did not have to categorise objettts basic level, so
perhaps they were using a strategy more akin to categoobjagts at the exemplar level

(Laeng et al. 2003).

All the participants were right handed and also had a left to rigealing direction;

therefore this might strengthen the leftwards bias. For futesearch it would be
interesting to carry out the same task with a group of kefided participants to see if this
weakens the bias. It would also be interesting to replicatesttityy using a group of
participants who use a right to left reading direction, and s#esifinfluences leftwards

bias.
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General Discussion

The first three experiments described in this chapter showedyastreng bias to look
initially at the face on the left of the screen and this veamrdless of familiarity, face
match, inversion, distance between the faces, or whether dgheni@s a LSF image. In
Experiment 9 the data reported a strong bias to look initidlhe object on the left.
Overall the bias for face-matching and the object-matching wemparable, for over 70
percent of trials the object on the left was viewed first. Heisms to provide some
evidence that the right hemisphere was dominant in all the mgttdsks, regardless of

whether the items were faces or objects.

One criticism of Experiments 3, 4 & 5 is that handedness data mair collected and
therefore there is no way of knowing if any variations in pert@dpbias were due to
subjects being right or left handed. However as the majorith@fpbpulation is right
handed, it can be assumed that the majority of participants indheties were also right
handed. Another criticism of the face matching experiments is thrdihgedirection details
were also not obtained from the subjects, which may have influerezedppual bias as
other studies have shown (Health et al., 2000). However as the majopsrticipants

were from European countries it can again be assumed thagfbgty used a left to right
reading strategy. Both handedness and reading direction will &e itaio consideration in

all future research investigating perceptual bias.

For all the experiments in this chapter there was a bilokoat the item that was on the
left side of the screen before looking at the item on the siglet and this was consistently

found for face and non-face items. This seems to show that thmeteéptual bias is not
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only found for faces, but also found for matching pairs of sinatgects. Other research
has found mixed results when viewing objects, in some cases Wege no perceptual
biases for objects (Mertens et al., 1993), whilst other research &olaftibias for houses

but not for chairs (Levine et al., 1988).

However the task in Experiment 9 is quite different to allatiner studies using faces and
objects, as it involved viewing two objects simultaneously and deridithey were the
same or different. Could being presented with a pair of iteatiser than one item
automatically produce a stronger bias, as viewers will hal@otoat one item first? It is
possible that in a paradigm that presents two items simultslyedbere is a stronger
influence of reading direction and handedness, so it would be imerestitry and
replicate the results of Experiment 9 using left handed indivicaradsalso those that read

right to left.

Using a matching paradigm did seem to increase the numbeftwérd first fixations as
compared to other previous studies. Again these differences couldwmetddifferent
methodologies and tasks. For example Butler et al., (2005) and Botddarvey (2005)
used chimeric faces and the task was gender decision and thdfhefdiaces may have
been viewed differently to those in a matching task. Whilst é&eriat al., (1993) used a
recognition task with individual face and vases, and these itegig imve been viewed

differently to those presented simultaneously for a matching task.

Another interesting finding was that the leftward bias for Expent 4 appeared to be

larger than that observed for the other experiments. The aversigéxation to the left
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face for Experiment 4 was over 90 %, except when the lefti@seLSF image and the
right face was a FB image. This seems to suggest thay pedsented with LSF images
increases the bias to look left first, as Experiments 3 asttb&ed average first fixations
to the left between 77 and 86 percent of trials. It would be stiegeto explore further the
influence of filtering the spatial frequency of images and thdreit affects the left

perceptual bias. To do this an additional face matching task beutdnducted where the
faces are filtered to show only HSF information to investighthis weakens the bias to
look the left face first, as it has been suggested that theisLHominant for HSF

information.

Finally, all the experiments described in this chapter have showeny strong bias to look
at the item on the left before looking on the item on the righis $eems to reflect a RH
dominance for carrying out the matching task, however reatygs and handedness may
also have had an additive affect and increase the probability iétdfiXations were to the

left.
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Chapter Six

Summary and Conclusions.
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This thesis has investigated how pairs of faces are viewadtamaously for a matching
task, where participants have to decide whether two faceseasamie person. Deciding
whether two face images are the same person is extreamptytant for a variety of
security and forensic tasks, such as matching robbers caugh€Cox @otage to live
suspects, matching a person to a passport photograph and proof of wkahtppening a
bank account, or picking up a parcel. As chapter 1 reported, when pgopte match
unfamiliar faces their responses can be extremely error p{@nee et al.,, 1999,
Henderson et al., 2001, Megreya & Burton, 2006). However when the factsrdliar,
recognition and matching can be extremely accurate, evarpaar quality images (Bruce

et al., 2001, Burton et al., 1999).

Very little research has investigated how pairs of faces are vievadédce matching task,
and two studies to date have been published on this issue. One study fdutite tha
majority of gaze was to the region between the brow and mouth, uksted that
participants have to view the same features on both faces bafikieg an accurate
matching decision (Walker-Smith, Gale, & Findlay, 1977). Therathely found that the
majority of gaze was to the internal features (eyes, nosereuth) and the external
features (forehead, chin, ears) received very little gagardkess of familiarity (Stacey,
Walker, & Underwood, 2005). Although these studies highlighted the importdnibe
internal features for face matching they still left variougstions answered. This thesis
attempted to answer these questions including; which internardésadre important when
trying to match faces simultaneously, do participants ugecafs viewing strategy when
carrying out a matching decision and if so does this viewingrpatteange if the face pair

presentation is manipulated?
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The majority of experiments reported in this thesis seem @estighat the most important
features for carrying out a matching task (when facepmasented side by side) are the
eyes, and across all the experiments the eyes were looKed lahger than the other
internal features. For a number of experiments there vgaaraning strategy whereby the
eyes that were in the middle of the screen (the right eye deftiface and the left eye on
the right face) received more gaze than the outer eyegytein the left face and the right
eye on the right face). This seemed to show that the particywantsnot viewing exactly
the same features on each face as was suggested by \Biaikeret al. (1977), as the
viewers were able to make a correct matching decisioixaigrfg on a single eye on each
face. This scanning strategy was found for Experiment 2 whichthseshme images for
the matched condition, for Experiment 4 when the faces were tdgether and for
Experiment 6 when the faces mismatched. For Experiments 3y £d(faition) and 6
(mismatched condition) the scanning strategy of looking onleatriner eyes was not as
clear, although the inner eyes did seem to receive more bHarethe outer eyes.
Participants looked more at features on the left face (eyesama) and only looked at the
left eye on the right face, this suggests they were usirgldft face to build up a

representation to compare to the right face.

The experiments described in the second chapter investigatead¢hevarsion effect and
reported that matching accuracy for Experiments 1 and 3 wasemoreprone for inverted
faces, as compared to upright faces, this confirmed thdarfaeesion effect that has been
found in other studies (Scapinello & Yarmey, 1970; Yin, 1969). It also texpdinat there
were different viewing patterns for faces that were inderds compared to being upright.
Overall there was a bias to look at the top half of space, sydse(Experiments 1, 2 and
3) and forehead (Experiment 1) received more gaze when thevi@ee upright, whereas

the mouth (Experiments 1, 2 and 3) and nose (Experiment 3) receivedjazerarhen the
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faces were inverted. Previous research using inverted facedsbagported a bias to look

for longer at features that reside in the top half of space (Barton et al., (2006).

However not all research has found differences in the viewingripatfer upright and
inverted faces, Henderson et al. (2001) reported little differanegewing patterns as a
function of inversion and stated their data did not support the tran&iton holistic
processing for upright faces to featural processing for invéataes. This thesis supports
the view that viewing patterns vary due to face inversion faichiag and familiarity
decisions. When the faces were upright the eyes received the most angard,&nd this
could be interpreted as a global scanning strategy, where pant€iuse the eyes to build
up a holistic impression of the face. Then when the faces werdadvidre gaze was
distributed more evenly to the eyes, nose and mouth, as if the gaartgiwere having to
view more features at a time, and this could be interpretedoas of a featural, or local

scanning strategy.

The different viewing strategies reported for the upright aneried faces helps to
confirm findings from previous research, which reported that ingertates disrupts
configural, rather than featural processing (Farah et al., 198&e et al., 2000; Leder and
Bruce, 2000; Rhodes et al.,, 1993; Searcy and Bartlett, 1996; Tanaka ahd 1223

Young et al., 1987). This also supports Rossion and Gauthier's (2002) conthagitme

face inversion effect occurs during face encoding, as diffesereq@rted here were for
matching tasks, when faces are presented simultaneously. Fese@ch could try to
investigate the differences in viewing upright and invertedsfacel give further evidence
to support a shift from global to local processing by usingtaddl eye movement

measures, such as those employed by Groner, Walder and Groner [1884)nade the
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distinction between local scan paths, looking at a consistentrpaftéixations (e.g. left
eye, right eye, left eye) and global scan paths, the distributifimations over a larger
time scale (e.g. start, middle and end of total viewing tirBg).using these types of
measures along with number of fixations it may be possibleakena clear distinction

between local and global processing.

As previously described when faces were upright and side byhaiceewas an overall bias
to look more at the inner eyes (left eye on the right facdlandght eye on the left face),
as compared to the outer eyes (left eye on the left facethamdht eye on the right face)
and the other features. However when the faces were presentedllyeshe on top of the
other, the viewing strategy changed and the left eye and thebroaee the dominant
features for the face matching task (Experiment 7). The fysdiinom Experiment 7
support previous research that suggested that the same featlreth daces need to be
fixated upon when performing a matching task, but only when famespr@esented
vertically one above the other, as they were for Experiment 7canddlker-Smith et al.,
(1977) study. When comparing the viewing patterns from theriemxpets that presented
faces side by side to those that presented faces Ugroce above the other, it appears
that the way face pairs are presented can influence theéhegyare viewed and different

features are important depending on the layout.

The way faces are presented for a matching task has hpbeaitions for the area of eye
witness identification and matching criminals caught on CCT Vaigat If presenting faces
in a particular way influences matching performance, then shauld be taken into
consideration so as to maximise the chance of an accurate mach rbade. The

experiments reported here found that presenting unfamiliar face gase together can
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impair performance, especially if they are the sametitye(Experiment 4). This was also
found in when trying to match a face from a pair to a 10-facey dMegreya & Burton,
2006). Presenting the faces misaligned, so that the right fduigher can also hinder

matching performance (Experiment 5).

Another interesting finding was that if the faces wererdt to display only low spatial
frequency (LSF) information, matching was especially gorone if the left face was a
LSF image, than when only the right face was a LSF in@agehen both faces were LSF
images. Previous research has suggested that presentingatadtesF images should
reduce recognition performance (Costen, et al., 1994, 1996; Fioranginj £983; Parker
et al., 1996), however if this were the case then performance shagldbdan worse for
the condition where both faces were LSF images. Alternativelyer atbsearch has
suggested that it is the spatial frequency overlap betweagesnthat is important and
performance is more error prone if faces are filtered @iffity from one another (Collin,
et al., 2004; Collin et al., 2006; Kornowski & Petersik, 2003; Liul.e2Q@00), however if
this were the case then performance for the condition wherégiheface was a LSF
image should have been as error prone as when the left face M&sS image. Whereas
when the right face was a LSF image, performance wasathe as when both faces were
unfiltered. The reason that the performance may have been moreremerwhen the left
face was a LSF image, is that the majority of the timéqiaants looked at this face first
and used it as a comparison face to match to the face on thangifitit was a LSF image
there was less featural details and therefore more of &péury between the two images.
When the left face was LSF image it also influenced viewhatjerns and the left face

received more gaze to the nose, although overall there was still a bizes éyes.
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Presenting faces as LSF images not only influenced performbaotealso the viewing
patterns of the participants. When one of the faces was arh&gej the faces received
more gaze to the eyes than when both faces were LSF imadasthowere unfiltered.
There was also a bias for the inner eyes (right eye on thiadefand left eye on the right
face) and they received more gaze than the outer eyes. The lseantbetween the two
central eyes was especially seen when the faces missdatiout was not as strong when
the faces were matched. The bias for the inner eyes seems to giveupooet for a global
scanning strategy, as only holistic or global information carcdreveyed for the LSF
images, as they lack fine detailed featural information. Thver® some other differences
when the faces matched, as participants had to look at naitees on the left face, but
only at the left eye on the right face. This scanning stratédgoking at the internal
features on the left face more equally, but only viewing tfteele on the right face is
similar to the strategy found for upright faces in Experiment 8ppears that participants
look at the features on the left face to build up a representai@drihey compare to the

right face.

As previously described there was a scanning strategy acrssleer of experiments (2,
4 and 6) of scanning across the central or inner eyes, and in asesy the other facial
features received very little gaze. When the faces wezglaertically one above the
other this changed the viewing strategy and there was also am@thesf disrupting the

scanning strategy. In Experiment 7, when one or both of the innerweresmasked

viewers had to look more at the adjacent eye to make amadéeaecision. This showed
that the eyes were still the most important features, as thas little increase in gaze to
the nose and mouth as a result of masking the eyes. It alsdevieat masking the right
eye on the left face was more detrimental than maskinggtheye on the right face. The

impairment from masking the eye on the left face mayeatviewers looking at this face
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first (although first fixation data for this experiment was mollected) and if the
information is missing it impairs matching with the rightda€his helps to confirm results
from Experiment 6 that found that filtering the left face to cgneely LSF information

was more detrimental to matching than when both or the right face werena§Es.

A number of experiments within this thesis have shown the imperinthe eyes for face
matching and previous research has also shown that the eyegartannfor matching

familiar faces (O’Donnell & Bruce, 2001). Studies that have mashkedeyes and eye
brows argue that it is not the eyes alone that are importarddmuthe eyebrows (Sadr et
al., 2003, White, 2004). However having the eyes and eyebrows alone &ticlang task

significantly reduced task performance (Experiment 8) andftirerd appears that it is the
eyes and eyebrows within the context of a face, which are ienaddr accurate matching
performance. Further research could explore the importandbeotyes for accurate
matching by using faces with both eyes masked to complekgrgriment 8, or use a

more ecological approach by using faces wearing sunglasses.

One interesting finding that was consistent across threerieygregs was that over 80
percent of the time participants looked at the face on thebkefibre looking at the face on
the right. The bias to look towards the left side of facedbkas found in previous studies
(Butler et al., 2005, Butler & Harvey, 2005, Heath et al., 2005, Leonardso&-Samuel,

2005, Mertens et al., 2003, Phillips & David, 1997), but this is the fire this has been
reported using pairs of faces. The bias to look at the facéeomett helps to explain

findings from previous research using face pairs to match tefacéCarray. Megreya and
Burton (2006) found that matching was more accurate for theofatee left, than the face

on the right and suggested that viewers might be looking atfthfade first which could
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interfere with processing the right face, however they had noneyement data to

confirm this.

The bias to look initially at the left face was persistand not significantly reduced by
face inversion (Experiment 3), manipulating the distance betwien two faces
(Experiment 4), or filtering the images to show only low spdtequency information
(Experiment 6). This seems to suggest that for many of theiegugs participants looked
at the left face first and used it as a comparison fac®iinpare/contrast with the right
face. There are various explanations for the left perceptaalfobund in faces, including
the right hemisphere dominance for face processing (Rhodes, 1985, he@&ver
reading direction and handedness also may effect the perceptu@iéah, Rouhana, &
Ghanem, 2005; Vaid & Singh, 1989). Future research could use participantsaghaght
to left scripts, or left handed individuals to see if this influertbesbias to look a the left

face first.

The leftwards bias reported in the experiments in this themsswonger than that found in
previous studies using eye movement measures (Butler et al., 200&r, &utarvey,
2005, Leonards & Scott-Samuel, 2005, Mertens et al., 2003, Phillips & David, T9&¥).
may relate to the task, as previous studies have all used indivedesl for recognition,
gender or emotion judgements, whereas the experiments in this pghesent pairs of faces
for a matching task. The nature of a matching task maif ppsomote a stronger bias to
look at one item first, as the participants have to compareivilo items to make an
accurate decision. Early eye movement research reportetie¢htaisk given may influence
the viewing strategies elicited (Yarbus, 1967). The bias to liosikat the item on the left

was also found when participants were shown object pairs that hddrsappearance
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(Experiment 9), this shows that the bias is not specificalpta@ to faces and may be

related to carrying out a matching task with pairs of stimuli.

There was not only a bias for looking at the left face fimst,also a bias to look at the left
eye for longer (Experiments 1, 3, 7). The bias for the leftr@gebeen found in previous
studies using eye movement measures (Barton et al., 2006) and atsalies using the
bubbles technique (Schyns et al., 2002, Vinette et al., 2004). This migHiealsked to
the bias to look at the left face first, and could be due toighe hemisphere dominance
for face processing (De Renzi & Spinnler, 1966; Rhodes, 1985, 1993), or claiddtoe
cultural biases due to reading left to right (Heath, Rouhana, & €maB005; Vaid &

Singh, 1989).

Although the majority of experiments reported matching perfocmamas more accurate
for the familiar faces, as compared to the unfamiliar faces, theeseavclear differences in
scanning strategies for faces that were familiar, condpréhose that were unfamiliar.
Other studies have also found very little differences in vievpaigerns for familiar and
unfamiliar faces (Henderson et al, 2001, Henderson et al., 2005). Hosawer studies
have found differences in how familiar and unfamiliar faces are viewed. Althoff @meihC
(1999) found that famous faces received fewer fixations and wghsigametry than non
famous faces, additionally for a fame judgment, less timespast looking at the nose of
famous faces, and for an emotion judgement more time was spemga@tkhe left eye of
the famous faces. Barton et al. (2006) also found that famous faussetre fewer
fixations than unfamiliar faces, and there were more fixationshé eyes and nose.
Differences between these findings could again relate toilcgroyt different tasks, as the

task given can influence viewing patterns (Yarbus, 1967). The prestiodies (Althoff &
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Cohen, 1999, Barton et al., 2006) used individual faces for a fame andmertasks,
whereas the majority of experiments reported in this thesis paies of faces for a

matching task.

An alternative explanation for there being no differences fam@ion of familiarity for
viewing patterns reported in this thesis and previous research didendet al., 2001,
Henderson et al., 2005), whereas other research has found differetibeff @ Cohen,
1999, Barton et al., 2006) could relate to different eye movement resasline
experiments reported here used proportion of gaze, whereas tibdersshave used
number of fixations and also Markov analyses. Using these difféypes of measures
may influence how the viewing patterns are interpreted, agopieresearch has shown
that scanning effects can be derived from analysing the nurhbeations, when the total
duration of fixations are very similar (Barton et al., 2006). Howeoene research has
found no difference in the pattern of fixations and gaze duratiorafer ffrocessing tasks
(Stacey et al.,, 2005). In all future research eye movement rmesastould include
proportion of fixations as well as gaze duration, to determine whittbevziewing patterns

are the same for these different measures.

There were also no differences in viewing strategies fasfédtat matched, as compared to
those that mismatched. There are only two studies to date haseeysemovement
measures to investigate face matching and one of those did nateattaydifferences in
viewing patterns for faces that matched or mismatched @ &hith, Gale, & Findlay,
1977). The other study did find some differences as a function of fatmh nwith more
gaze to the internal features for matched faces as comjpanedmatched faces (Stacey,

Walker, & Underwood, 2005). However the matching experiments reportedsi thesis
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only analysed the data for the internal features, as previoussshae found that the
internal features receive on average over 90 percent of the §teaee), Walker, &
Underwood, 2005). The experiments in this thesis reported that overalMibee no clear
differences in viewing the internal features for the matchet rmismatched faces were

viewed and both were viewed using similar strategies.

A number of conclusions can be drawn from the studies in this thesty the eyes
appear to be the most important features for face matching fabegs are side by side,
however when the faces are placed vertically one above the bthé&ft eye and nose
appear to be the most important features. This shows that not ordyadgeen task
influence eye movement patterns (Yarbus, 1967), but also the way tithali sare
presented. When faces are presented side by side vieweisosizamtally across the eye
regions and in some cases only need to fixate upon one eye on eadsfdagsing the
shortest route possible (Experiments 2, 4 and 6). However in sommsiatices viewers
need to look at more features on the left face to compare tmthdace. There was a bias
that emerged whereby viewers looked at the face on théréefand used this to compare
to the face on the right, further research could be carried outisnatea to try and
determine whether this bias is due to a right hemisphere domif@ntace processing,
related to reading direction, handedness or an artefact onpresgairs of items for a

matching task.

The way face pairs are presented can also influence perfamand matching can be
more error prone if faces are presented closer togethersaligned so that the right face
is higher than the left face. Matching can also be more emmre when the two face

images are of different qualities (e.g. LSF) or have mairon missing (masked eyes) and
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if faced with this situation matching may be more accufatieei better quality image is
placed on the right hand side. This has implications for presentatime afps and arrays
to eye witnesses and hopefully through additional research famhingacan be made

more accurate.
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