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Abstract

Faces are, arguably, the most important stimuluaimives.Yet, we understand
very little about what information is used to reng faces. Two theories exist in the
literature on this topic. First, it is widely beled that successful face recognition
depends on the ability to utilize configural, oflistic, information about the face.
Second, many have speculated that attention teyeegion of the face is essential for
successful face recognition. However, few studiese with children, have directly
evaluated this relationship by examining individddlerences in face processing. Thus,
the goal of the following studies was to examine dividual differences in face
recognition skills are predicted by configural pssing of the face and, in particular,
attention to the eye region. Across four experitsiechildren completed face recognition
tasks using an eye tracker, tasks of configuratgssing, and an object recognition task.
Results from Experiments 1 and 2 support the ndtiahattention to the eye region and
configural processing of faces as measured by dineWWhole Task are predictive of face
recognition scores as measured by the Cambridge Mamory Task for Children.
Furthermore, these experiments provide prelimimangence that attention to the outer
areas of the face, such as the forehead, may iriada recognition ability. Experiment 3
generally replicated these findings, with a feweptons, by examining a pre-selected
group of children and subsequently comparing higthlaw performers on the
Cambridge Face Memory Task. Finally, Experimeakdmined six children with
developmental prosopagnosia. Results from thigmx@nt suggest that children with

prosopagnosia are a very heterogeneous group.eshts of these studies generally



support three hypotheses: 1. Children who demdesgr@ater attention to the eye region
perform better on tasks of face recognition, 2.Heigscores on tests of configural face
processing predict higher scores on tasks of facegnition, and 3. Children who
demonstrate a greater degree of configural faceggsing are more likely to attend to the

eye region of the face (Experiment 2).
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CHAPTER 1: Introduction
General Introduction

‘Good-bye, till we meet again!” she said as cha#lyfas she could.

“I shouldn’t know you again if we did meet,” Hypty Dumpty replied in a
discontented tone, giving her one of his fingershake: “you’re so exactly like other
people.”

“The face is what one goes by, generally,” Alreenarked in a thoughtful tone.

“That’s just what | complain of,” said Humpty Dapty. “Your face is the same as
everybody else has—the two eyes, so—" (markinig piteces in the air with his thumb)
“nose in the middle, mouth under. It's always #agne. Now if you had the two eyes on
the same side of the nose, for instance— or thelailthe top—that would be some
help.”

“It wouldn’t look nice,” Alice objected.

-Lewis Carroll, Through the Looking Glass (CarrdD11, p. 245).

Faces are the most distinctive cue to a persdeistity (Bruce & Young, 1986)
and, arguably, the most important stimulus in owed (Goldstein, 1983). Very early in
life, we use faces to recognize our caregivers priovide us safety, nourishment, and
knowledge about the world. As we age, we incredgianse faces to identify others for
the purposes of finding a partner, building oueeay and maintaining social
relationships. Thus, face recognition is imporfantoth survival and status within the
social world, beginning early in life.

Lewis Carroll’'s description of Humpty Dumpty’s iméetions with Alice in his
book, Through the Looking Glashijghlights the importance of face recognition $ocial
interaction. Without the ability to distinguishigé’s face from another, Humpty
Dumpty is unable to differentiate Alice from othllerman-like characters. His
description of faces is very similar to the dedoip of faces offered by many with
developmental prosopagnosia (DP), a disorder tkatjuts one’s ability to process faces.

These individuals, like Humpty, have little diffity identifying the presence of a face or

1



location of face parts, such as the eyes, nosemauth. Rather, the ability to distinguish
between or recognize particular faces is absentt{Bine & Nakayama, 2006), leaving
them with the same paradox as Humpty Dumpty—untabtecognize a familiar person
upon second encounter.

The goal of this thesis is to investigate the psses involved in face
recognition—a skill that comes easily to most—tHampty Dumpty is seemingly
incapable of. Thus, the aim of the present wotk isxamine what aspects of faces (e.qg.
the eyes, global structure, etcetera) are mostitapofor successful face recognition.
Previous work has demonstrated that there arendistidual differences in face
recognition skill (Russell, Duchaine, & Nakayam@09). It is, therefore, possible that
some individuals process face information in a nemlective and efficient way than
others in terms of the facial information that s&d or extracted from the face.
Understanding the relationship between this proaedsace recognition skill is
important for evaluating how individual differenc@asyy contribute to face recognition
skills and subsequent social functioning, as welldotlined in the following sections.

Why Do We Need To Understand Face Recognition? The Case Of Prosopagnosia.
The importance of face recognition has been hghitdid by work investigating
cases of prosopagnosia. Prosopagnosia, geneedélys to an inability to recognize
faces despite intact early visual processing anabaence of generalized cognitive
dysfunction (Duchaine & Nakayama, 2006). Two folwhprosopagnosia have been
identified. The first, described in Bodamer’sialitreport (Bodamer, 1947; Ellis &

Florence, 1990) is of acquired prosopagnosia, onalility to recognize faces as a result



of traumatic brain injury. In these cases, anviallial experiences typical capabilities in
face recognition until a brain injury severely mtgts their ability to identify others.
Developmental prosopagnosian the other hand, is characterized by an irtghoi
recognize faces despite no history of brain danaageintact early visual processing and
intellectual function (Behrmann & Avidan, 2005; Dwaine & Nakayama, 2006; Kress &
Daum, 2003). DP is particularly interesting becahsecauses are yet unknown and the
effects of the disorder can be just as severeaséen in acquired prosopagnosia
(Duchaine & Nakayama, 2006).

Prosopagnosia, as well as other forms of agnoaspben classified into two
forms: apperceptive and associative. The appewveefarm of the disorder arises from
perceptual impairments documented by an inabihitptige two faces as the same or
different when presented simultaneously. The aaswee form exists in cases that can
distinguish between faces but cannot recognize tatan (Behrmann & Avidan, 2005;
Joy & Brunsdon, 2002; Lissauer, 1980). The assoeidgpe has also been referred to as
prosopamnesia (Wilson, Palermo, Schmalzl, & Br@€K,0).

Although both acquired and developmental prosopsigrare relevant to this
thesis, the population of those with DP are mudatgr in number and often experience

earlier onset of the disorder. For these reagsbregjoal of the present thesis—to better

!In the literature, there are discrepancies regartlie definition and proper terms for a face redtign
deficit without evident brain injury. For exampkBgehrmann and Avidan (2005) have argued that
“developmental prosopagnosia” has occasionally lused to describe cases of childhood- or infanebns
prosopagnosia resulting from visual deprivatiof@in injury occurring early in life. Thus, thegauthe
term “congenital prosopagnosia” to refer to caddaae blindness in which there is no attributatdese

for brain damage evident prenatally or after bikbnnerknecht et al. (2006), on the other handjeatbat
both congenital and developmental prosopagnosikal ctmuacquired and thus refer to non-acquired cases
“hereditary prosopagnosia.” Because it is diffidolfprove that face recognition difficulties wemegent at
birth, this thesis uses the more general term “ldgweental prosopagnosia” to refer to cases of
prosopagnosia present early in life without idéaltile brain injury.
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understand the processes underlying successfurdaognition in children—is most
relevant to cases of DP. Therefore, the followdiggussion will mainly highlight DP,
rather than acquired prosopagnosia, except whereard.
Prevalence of Developmental Prosopagnosia

It used to be believed that prosopagnosia (botlatieired and developmental
forms) were quite rare. However, recent reportsy@ring the prevalence rates of DP
suggest that the disorder may affect many morelpgbpn was once believed.

In the first prevalence report of DP, Kennerkneattdl. (2006) evaluated the face
recognition skills, based on self-report and setmiesured interviews, of 687 non-
selected individuals and found that more than 2%efpopulation in question
experienced severe face recognition difficultiett thterfered with their daily lives.
They subsequently replicated this finding in a sieng 533 non-selected Chinese adults
from Hong Kong (Kennerknecht, Ho, & Wong, 2008)e$h initial studies provided the
first evidence that DP may be much more prevalesm tvas once believed.

However, the findings of these reports are somevliméed because they rely on
self-report measures and semi-structured interviawber than behavioral methods. To
address this issue, Bowles et al. (2009) examirapalation of adults in Australia and
Israel using behavioral methods rather than se@ibnte They evaluated nearly 300 non-
selected adults using the Cambridge Face Memorly ([RISMT; Duchaine & Nakayama,
2006) and found that more than 2% of their samgdeexl more than 2 standard
deviations below the mean and reported difficuliresecognizing faces that interfered

with their daily lives. Although this percentageutd reflect an artifact of a normal



distribution (2% should naturally fall 2 standarVétions below the mean), the
individuals in this range reported significant ditfity in recognizing faces in their
everyday lives (Bowles et al., 2009). In additibuichaine (2008) reported high
prevalence rates based on the behavioral datactadlén his labs and the frequency by
which he has been contacted by self-diagnosedsadult
Although prevalence studies have not been compietidchildhood populations,

adults’ reports that their DP was present in clutathprovides initial evidence that DP is
likely an early onset disorder (Duchaine & NakayaR@06). Therefore, the
implications that arise from these high prevalerates are applicable for children as
well. Overall, these results highlight the praatienplications of establishing a better
understanding of face recognition and how this gssanay be impaired for some
individuals.
Symptomology and Social Consequences of Developmental Prosopagnosia

The high prevalence rates documented by the sedifiedent labs mentioned
above highlights the importance of establishingtaof characteristics of DP that can be
used for identification of cases. This may be egly important for children who, if
identified early enough, may benefit from intervens tailored to their needs.

The main characteristic of DP is an inability toagnize faces that should be
familiar. Children and adults with DP will often kemistakes in recognizing others,
especially when out of their typical context. leaample, a child may have little

difficulty recognizing their teacher when in thassroom because they are likely the



only adult present. However, this same child naalytd recognize their teacher during a
chance encounter at the grocery store.

Furthermore, individuals with DP often rely on A@cial cues to recognize
others such as hairstyle, gait, voice, and cor{ieiirmann & Avidan, 2005; Duchaine &
Nakayama, 2006; Kress & Daum, 2003; Yardley, McDatnPisarski, Duchaine, &
Nakayama, 2008). Although these cues can be Hdtpfrecognition, many of them,
such as hairstyle, are temporary and unreliableo Aues such as voice and gait can only
be used if the person in question is speaking asimgo As a result, individuals with DP
will make frequent mistakes in recognition.

In addition, there are many other ramification®&¥, most of which are social in
nature. To date, only two investigations of DP hdwectly examined the psychosocial
consequences of the disorder. The first, Yardlegl.R008), interviewed 25 adults with
DP to examine the effect that the disorder hacheir everyday lives. As a result of their
inability to recognize others, participants repdrteelings of embarrassment, guilt, and
failure. Furthermore, they indicated a certainrdegf fear and avoidance of social
situations. In extreme cases, chronic anxietydddng-term social isolation, limited
employment opportunities, and loss of self-confiemhese adults also experienced
difficulty in telling others about prosopagnosiai¢do general lack of awareness) and
hesitancy to do so. Thus, they were dependentl@rin social contexts and,
eventually, became introverted and lacked selfeesteThus, for obvious reasons, DP

could have a lasting effect on the formation andhieaance of social relationships.



The second study evaluating the psychosocial cpresees of DP examined the
disorder from the perspective of a child (Diaz, 200Steve, a 13-year-old male,
experienced severe prosopagnosia, as well astdafiabject recognition and memory
(e.g. multi-step instructions). He depended oniaaial visual cues to identify others,
such as clothing and hairstyle. Via semi-struatungerviews, Steve reported concerns
in three categories: academics, social interactiang safety. Academically, Steve
experienced limitations in courses such as drarharevhe could not tell the characters
apart, making it difficult for him to participateSocially, Steve reported being labeled
aloof and unfriendly—ostracized by his peers. Beeaof this, he was unable to expand
his social circle and maintain friendships pastst éncounter. Finally, Steve reported
concerns about getting lost in crowded social sibua (e.g. malls and fire drills). In
particular, he experienced great difficulty tralmsitng to middle-school where the
number of students and teachers he encounterediailydasis increased dramatically.
Diaz concluded that “children with prosopagnosi&lsahave a wide circle of friends
because friendships are difficult to develop angfkR€Diaz, 2008, p. 285). This case
evaluation sheds light on the possible long-termsequences of social isolation
resulting from DP in childhood.

Why study Face Recognition?

There are several reasons for studying face rettognn both adults and

children. The first, and most obvious, reason isydo better understand DP so that the

consequences of this disorder can be alleviatéubise that are suffering in a social



domain. By examining DP early in life, we may lideato alleviate some of the long-
term social issues associated with the disorderbahey become too severe.

Second, many adults with face recognition diffi@dt(and presumably most
children with face recognition difficulties) areaware of their inability to recognize
faces. Because people do not frequently talk afamet recognition, and thus, there is no
obvious comparison, individuals can age well irdalthood without realizing that DP is
the cause of their social difficulties (Behrmanm&dan, 2005; Duchaine & Nakayama,
2006). This is evidenced by examinations of ueaeld populations of people who do
not spontaneously report face recognition diffi@stbut subsequently perform very
poorly on face recognition tests such as the CFBtAw(es et al., 2009). These
individuals are likely unaware of their face reciigm problem because they have been
able to rely on other cues to identify others saslmairstyle, clothing, characteristic
features, voice, and context (Behrmann & Avidar@2M®Duchaine & Nakayama, 2006;
Kress & Daum, 2003; Yardley et al., 2008). Therefoesearch focusing on the
developmental trajectory of face recognition magawer ways to identify the disorder
early in life. More specifically, by investigatirmgases of childhood DP, we can evaluate
how early the disorder can be detected againstlkdbap of typically developing face
recognition skills and attempt to differentiate &m other disorders such as Autism
(Joy & Brunsdon, 2002).

There are additional reasons for investigating fi@cognition in childhood
populations. By some definitions (e.g. BehrmanAwdan, 2005), developmental

prosopagnosia is a disorder that begins earlyan Iin fact, many adults with DP report



that their face recognition difficulties have bgeasent since childhood (Duchaine &
Nakayama, 2006). Likewise, studies of DP often afgeon the assumption that the face
recognition impairment under question has alwaynhgesent, suggesting that the
deficit should be present in early childhood (Wit al., 2010). However, very few
cases of DP have been presented in the literaturetate, only 6 experimental studies of
DP in children have been reported (Wilson et &1®. Consequently, to understand the
causes and trajectory of the disorder, childhosgsahould be evaluated. Childhood is
a time in which early social experiences lay thenfiation for later social development.
Thus, missing critical social experience earlyifig, las a result of DP, could interfere
with the development of important social skills dee later in life.

Furthermore, studying the early face recognitiafiss&f children may have
important implications for training programs. Sealattempts have been made to train
the face recognition skills of adults with DP. Wdugh some of these programs have
been effective (e.g. DeGutis, Bentin, Robertsol)'Bsposito, 2007; DeGutis, DeNicola,
Zink, McGlinchey, & Milberg, 2011), none of themyeademonstrated long-lasting
effects that generalized to new faces. By betteletstanding face recognition in
childhood, we may be able to attempt training paogs earlier in life, when the neural
system is more plastic and more likely to beneditrf training on a long-term basis.

Finally, studying thelevelopmenof the disorder can inform theories of face
recognition (Duchaine & Nakayama, 2006), how faamgnition works, and the

developmental trajectory for normal face recognitio



Theories of Face Recognition

Developmental prosopagnosia provides a case fagratahding face recognition
in typically developing populations so that we testter evaluate what aspects of this
process are impaired in those who are unable tgreze familiar faces. The central
guestion of this dissertation is “what informatimmovided by the face is most important
for face recognition?” Regardless of the causd3R¥whether they be experiential,
neurological, genetic, or a combination of the ¢hrea better understanding of how
children use face information could be informatioeboth identifying cases of DP and
providing successful intervention programs.

In this domain, researchers have been thinkingitavow the face recognition
system works for years, with many models stemmiomfthe Bruce and Young (1986)
model of face recognition. However, less work diasctly examinedhowfaces are
recognized in terms of what information in the fasenost relevant for face processing.
What information provided by the face (e.g. thessyke overall face structure, etcetera)
is most important for face recognition? How is timrmation used? And what happens
if that information is not attended to? In ordebtst understand, identify, and treat DP,
we need to know what aspects of the face are muxirtant for face recognition. Are
those who are poorer at face recognition not Sgadib this information? There are two
main theories about what information is most img@ottfor face recognition, both of

which may be relevant to understanding prosopagnosi

10



Configural Face Processing

One of the more popular theories of how typicalledand children are able to
recognize faces is that we utilize configural imf@tion provided by the overall structure
of the face. Several terms have been used toibdegbis information. For example,
holistic processing has been used to refer tothuelly less part decomposition [of the
face] than other types of objects” (Farah, Wildorgin, & Tanaka, 1998, p. 482). In
other words, holistic processing does not relyemognizing each individual face part in
a piecemeal fashion (i.e. the eyes, nose, and mbuthrather focuses on the face as
whole, a more gestalt approach. Another termtioglal processing, is based on the
spatial relationships between the parts of the #ackalso the location of the face parts in
relation to a template or prototype (Diamond & Ga986). Thus, more than holistic
processing, the relational processing approachgrafshasis on the local features (or
parts) of the face, but only via their spatial tielaships.

More generally, global or configural processing wascribed by McKone,
Kanwisher, and Duchaine (2007, p. glossary):

... in comparison to objects, processing for faiceolves (i) a stronger and

mandatory perceptual integration across the wholeofe theory, the mechanism

does not decompose faces into smaller parts; Tafakarah, 1993) and (ii) a

more precise representation of the ‘second-ordevidtions from the basic

(‘first-order’) shape, including precise spatialiaedional information (e.qg.

distance from corner of left eye to tip of nosea] arecise feature shape (Yovel &

11



Kanwisher, 2005). This computational style is mefé to as holistic or

configural processing (terminology differs amongeaarchers) . . .

The distinction between these terms and their defirs is somewhat of a moot
point for the purposes of this the$ifkather, the important point is that these theorie
posit that face recognition uses configural infatiorarather than only piecemeal or
entirely feature-based information for recogniti®mce the experimental paradigms
used in this thesis do not compare holistic verslational processing, the focus is
instead on characterizing the strength of theigglahip between configural processing,
more generally, and face recognition ability.

Several lines of research have substantiated thieection between configural
processing and face recognition skill. The mostkebwn is via the inversion effect
(Yin, 1969)—a term used to describe the phenomiesiafaces are more easily
recognizable when presented upright than when ieddt.eder & Bruce, 2000). The
inversion effect has been clearly demonstratedth bBdults and children (see Valentine,
1988 for a review of literature on the inversiofeef). It is assumed that the
configurationof the features of an upright face is what is intgoat for recognition. If
the features alone, rather than their configuratieere most important for face
recognition, it should be just as easy to idertibyh upright and inverted faces, but this is
not the case. Indeed, groups have demonstratechttession has very little effect on the
perception of local features whereas faces thérdii configural information are

affected by inversion (Leder & Bruce, 2000). Hoersee Sekuler, Gaspar, Gold, and

2 For the purposes of this paper, the term “confiprocessing” will be used to represent any type o
configural processing including “holistic” and “eglonal.” However, when citing others’ work, thegm
they used in their original publication will be dse
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Bennett (2004) for a description of how the invenseffect may be better explained by
guantitative, rather than qualitative, differenseprocessing between upright and
inverted faces.

In addition, holistic processing of faces is dent@ied by studies showing a
global effect using the Composite Face Task andPdreWhole Task. The composite
face effect (see Figure 1) is shown when the tognefface is presented aligned or
misaligned with the bottom half of a different fade this task, it is difficult to recognize
the identity of the top half of a face if it is@ghied with the bottom half of a different face,
suggesting that the whole face is taken into accimuface recognition (Young,

Hellawell, & Hay, 1987).

(a)

Figure 1. The Composite Face Task. In this tdsktdp half of one face is presented with the mothalf
of another face. The top half (George Clooneyaisier to recognize when it is misaligned than whin
aligned with the bottom half (Harrison Ford). Thiknown as the composite face effect. Imageimegat

with permissions from Parr (2011) by permissionthaf Royal Society.

Similarly, the Part-Whole Task (Tanaka & Farah,39%esents the participant
with a target face that they are asked to learenTthey are later asked to identify one

feature of the target face from a lineup. Theueats either presented in isolation or in
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the context of the face (see Figure 2). For exanthey might be asked to identify the
target’s nose from a lineup of two noses or idgrttie target’s face from a line up of two
faces, all of which are identical with the exceptaf the noses. In other words, the part
and whole-face versions of the task are identidctd the exception of the presence of the
rest of the face and the question asked. In &sis, fparticipants are better able to pick the
correct feature within the context of the entireefdahan when the features are presented

in isolation.

Which is Larry?

Figure 2. The Part-Whole Task. In this task,ipgrants are asked to learn a target face (e.gy).and

then are presented with either a part or a whaeé tOn part trials, only one portion of the tarégce is
presented (e.g. the nose) next to the same partlifferent face. On whole trials, the two facessented
are identical with the exception of one featurg.(the nose), one of which matches the targetdadeone
of which matches another face. Better performamcehole trials is presumed to reflect a holistic
advantage in face processing. Image reprinted pétimissions from Taylor & Francis from Tanaka, Kay

Grinell, Stansfield, and Szechter (1998).
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In addition to these methodological demonstratiminsonfigural processing, there
are several other lines of behavioral evidence ssiytg that configural processing of
faces is important for successful face recognitirst of all, although the findings are
mixed (Cassia, Picozzi, Kuefner, Bricolo, & Tur&08; Mondloch, Pathman, Maurer,
Le Grand, & de Schonen, 2007), some reports inglittett children, who may have
poorer face recognition abilities than adults, sisovaller global processing effects (e.g.
Pellicano & Rhodes, 2003) suggesting that facegmition is improving with global
processing.

Second, in the adult literature, there has beaudgon about the possibility that
those with DP may have a deficit in configural mssing of faces. By this hypothesis,
the individual is unable to perceive the face agale and rather perceives the face in a
more piece-meal type fashion (Levine & Calvania39P This would explain why at
least some with DP are able to complete face disation or matching tasks rather
easily, because they can do a feature-by-featurpanson (Kress & Daum, 2003). This
guestion has been less examined in children. Hewstudies using the Part-Whole
Task in which it is easier to identify a featurettod face within the whole-face context
than in isolation suggest that holistic-like praiag of faces is present even by age 6
(Tanaka et al., 1998). Therefore, deficits in faoecessing early in life may reflect a
failure to develop this specialized skill. Indeadults with DP often do not show
evidence of holistic processing of faces. For g¥aseveral reports have suggested that
those with prosopagnosia do not show an inverdi@atetypically seen in adults

(Avidan, Tanzer, & Behrmann, 2011; Farah, WilsomaiD, & Tanaka, 1995). Similarly,
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in studies comparing DP adults with controls, thwgl DP occasionally show smaller
composite effects (Avidan et al., 2011; Palermalet2011). Furthermore, Avidan et al.
(2011) found that the degree of composite effectack thereof) correlated with face
recognition skill as measured by diagnostic measymeviding convincing evidence that
holistic processing of faces is predictive of indival differences in face recognition, at
least for those with prosopagnosia. Likewiseahafmanaka, and Drain tested an adult
with DP and did not find evidence of a part-whdilee. Rather, their performance on
the part and the whole tasks were the same (urghdadlidata described in Farah, 1996).
Finally, several groups have shown that percepifaelational information of the face,
such as the distance between the eyes, is impaiabes of prosopagnosia. For
example, Ramon and Rossion (2010) found that alt with acquired prosopagnosia
was impaired at judging the relative distances betwfeatures. Similarly, DeGutis and
colleagues (DeGuitis et al., 2007; DeGutis et @l1,12 found that training adults with DP
to attend to the relational information of the famgroved face recognition abilities.
However, it may not be the case that all individuaith DP have holistic processing
impairments (Bukach, Bub, Gauthier, & Tarr, 2006si® et al., 2010).

However, until recently, the relationship betweenfgural face processing and
face recognition had not been tested directly., ¥aining programs such as those by
DeGutis and colleagues operate on the assumptbhibse with poor face recognition
skills have a deficit in global processing. Thdisectly examining this relationship is

essential.
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To address this question, several recent studies éseamined this relationship in
adults. Konar, Bennett, and Sekuler (2010) examihedtorrelation between a partial
version of the composite face task and face retiognskills as measured by a face
identification task. They found no correlationweén global processing and
performance on this task. However, there wererageédtical problems with this study.
First, the statistical method they chose to meaglateal processing (subtracting the
score of aligned trials from misaligned trialsfleaved. As Wilmer, Garrido, and
Herzmann (2012) point out, this type of analysiymésrepresent data. Rather, to best
represent the global processing abilities of thesécipants, it is better to regress out the
control variable, thus isolating performance reddte configural face processing by
examining the residuals unexplained by part-tri@econd, the face identification task
used in this study is less than ideal—the facdsid®ed local features such as hair and the
target face and test faces were presented simoliahein Experiment 1, increasing the
likelihood that a matching process could be usexmbtoplete the task (however, in
Experiment 2, this was adjusted). Both of thesdtéitions increase the possibility that
participants would use more local cues than globak to select the correct face. To
address this issue, it may have been better ta usare established test of face
recognition. For example, the Cambridge Face Mgrilask (Duchaine & Nakayama,
2006; see figure 4) does not provide local cuesdoognition and has been validated and
replicated across many labs and groups of partitsp@oth typically developing and

DP).
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Thus, in response to this study, Richler, Cheund,@authier (2011) used the
Cambridge Face Memory Task and the complete congpfagie task to address the same
guestion. Using this method, they found a sigaiitccorrelation between global face
processing skills and face recognition. Althoulgéyttoo used a subtraction method,
rather than regression method, to measure globakpsing, their findings nonetheless
lend support to the hypothesis that those who potaces globally are better at face
recognition.

Subsequently, Wang, Li, Fang, Tian, and Liu (20&pprted concerns about
comparing difference scores on the composite fasle with an absolute measure of face
recognition. To address this issue, their pardictp completed a face recognition task
(old/new) and flower recognition task (so that abjecognition could be subtracted out
of face recognition performance). In additionytikempleted the composite face task
and the part-whole task. They found that correfegibetween the global processing
tasks were significantly correlated with face rewtign. In addition, they compared
performance between individuals with face recogniscores 1 SD below the mean and
1 SD above the mean and found that global procgsdifaces differed between these
two groups. However, this study also suffers fitbin statistical limitations mentioned
by Wilmer et al. (2012). Also, this study, likeoKar et al. (2010), uses a face
recognition test that has identical photographgs/eeh the learning and test phase which
may limit the use of global processing strategies may explain the rather small effect

sizes.
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Finally, a recent study by DeGutis and colleag2€4.8) investigated individual
differences in face recognition as predicted bysicl processing using a regression
rather than subtraction method as suggested by &/inal. (2012). They evaluated
adult performance on the CFMT (Duchaine & Nakaya?@®6), composite task, and
part-whole task to determine if face recognitioarss could be predicted by holistic
processing. Using the regression method, theyd@urobust relationship between face
recognition and measures of holistic processingyiding further evidence that holistic
processing is an important aspect of successfal fa@ognition skill.

Together, 3 of the 4 studies described above faurohsistent correlation
between face recognition scores and configuralgesiag of faces. These studies
provide strong evidence that individual differenagesonfigural processing may explain
the wide range of face recognition skill seen inldmbod. This finding has serious
implications for the understanding of face recagniin both typically developing and
DP patrticipants, as well as training of face rectgm abilities. If individual differences
in configural processing are predictive of faceoggation abilities, this information could
be used to inform training studies of face recagniand might also be used to identify
individuals at risk for DP In addition, these possibilities present an oppotyLto
identify children with DP early in life and traihém to attend to global features of the
face. However, it may not be the case that childreonfigural processing skills are
predictive of face recognition abilities in the samay that they are for adults. Thus, one
of the aims of the current thesis is to examine Fame recognition skills vary with

configural processing abilities in childhood poyigas.
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Feature-Based Processing

The research described in the previous sectioriglgkd the importance of the
face “whole” rather than “parts” for recognizingés. However, it is likely that both
configuralandpart-based structure provide essential informatieeded for face
recognition. Although the configural structuretioé face may be very important for face
recognition, replacing face parts undoubtedly wontdrfere with our ability to
recognize a face and would affect our perceptiathefface “whole.” Therefore, the
importance of the individual face parts should m®ignored, bringing attention to
whether or noparticular regions provide more useful information for faeeagnition
than others (see Shepherd, Davies, & Ellis, 1984 feview of the pre-1981 literature
on this topic).

The relative importance of some areas of the ¢aee others has been
investigated in several ways. One approach has togevestigate the areas of the face
that seem to be most salient for participants dui@tce recognition experiments. Early
studies on this topic simply measured the percenthgime that participants spend on
each area of the face during a face recognitida taksing this method, several groups
(e.g. Althoff & Cohen, 1999; Barton, Radcliffe, Ckasova, Edelman, & Intrillgator,
2006) have shown that adults spend the majoritii@f viewing time on the eye region,
with almost all of their viewing time divided beterethe eyes, nose, and mouth (see
Henderson, Williams, & Falk, 2005; Shepherd etk881 for a brief review of this

literature). More specifically, Henderson et 20@5) found that participants devoted on
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average 4 of 10 seconds on the eye region of teevidaen learning face stimuli, whereas
all other regions were attended to for less thaac@nd each.

Other studies have manipulated the presentatianfate to examine which
features seem most essential for recognition. Nhegistigations of this question have
found that the eye region is most salient for fem®gnition, followed by the mouth and
nose, in no particular order (the relative impoc&of the nose and mouth vary across
studies and methodologies). For example, HaiggLpBsented adult participants with
faces covered by masks with apertures that reveedatular parts of the face in
isolation. Results showed that, of the internatdees, participants were best able to
identify faces that showed the eye/eyebrow redaligwed by the mouth/upper lip area.
In a subsequent study, Haig (1986) exchanged carftiatures of faces and participants
had to indicate which of several faces was mosilairno a target face. Again, the
results supported the hypothesis that, of the akfgatures, the eye/eyebrow region was
most used for judging face similarity, followed tiye mouth, and then the nose. These
results replicated those found by Davies, Elligl Shepherd (1977) who used a similar
method of feature substitution with participanteasing which of four faces most
closely resembled a target face. Furthermore gfr&aig, and Parker (1990) completed
a similar study by examining response speed wherfes of the face were either
omitted or substituted. Like previous work, theuifid that the eye region of the face

was a more salient cue than the nose or the megtons.

% This study, like many other early studies, incliitieir in their stimulus faces. Therefore, the lhaérof
the face was included as an area-of-interest. Tdwayd that the face outline was the most salieatifies.
However, because hair changes so frequently, #sept thesis focuses on the features of the feek, it
like many recent studies, rather than the hairainlihe, as a cue for identification.
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More recent studies using advanced methodologids &sithe Bubbles technique
(Schyns, Bonnar, & Gosselin, 2002), response ¢leason techniques (Sekuler et al.,
2004), and eye tracking methods (Barton et al.626@nderson et al., 2005; van Belle,
Ramon, Lefevre, & Rossion, 2010), have supportedilpothesis that the eye region, in
particular, is the most salient feature in faceggution.

However, not all evidence points to the eyes asgofie most important feature
for face recognition. Sadr, Jarudi, and Sinha 8@desented participants with
photographs of familiar celebrity faces, some ofathad missing eyebrows and others
of which had missing eyes. They found that phapgs that omitted the eyebrows were
more difficult to recognize than photographs omgtthe eyes suggesting that the
eyebrow region of the face may provide more infdromafor identification than was
originally believed. Furthermore, Hsiao and Cdii{{2008) reported that, when
participants were limited to two fixations on adanemory task, they preferentially
fixated the nose region, rather than the eyeshoiigh they found that allowing two
fixations yielded better performance than one, @althl fixations did not improve
performance, suggesting that two fixations to theenwas sufficient for face recognition.
Others have reported that it is the “core” featuogether—the eyes, nose, and mouth—
rather than any particular features in isolatibiat facilitates face recognition (Gosselin
& Schyns, 2001).

In general, the majority of the literature inveatiggtypically developing adults
tends to support the hypothesis that the eye rdagiparticularly important for face

recognition. Yet, another approach for evaluathmgrelative importance of different
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face parts for successful face recognition has beeramine special populations who
experience face recognition difficulties. In thgseups, qualitative differences in eye
tracking patterns as compared to typically develggopulations may provide key
insights as to what aspects of the face requiemtitin for successful recognition. These
evaluations have typically focused on two groupssé with Autism Spectrum Disorders
(ASD) and those with DP.

Several groups have suggested that adults with A&@ impaired facial
recognition abilities compared to non-ASD populasigHedley, Young, & Brewer,
2012; see Weigelt, Koldewyn, & Kanwisher, 2012 daecent thorough review of face
identity recognition in ASD). Recently, Weigeltadt (2012) published a thorough
review of the studies published since April 201 araining face recognition abilities of
adults and children with ASD. They concluded tiganerally, those with autism
spectrum disorders demonstrate a quantitativendudqualitative, deficit in face identity
recognition compared to their typically developpeers. In other words, although those
with Autism showed classic hallmarks of face reatign such as the inversion effect,
composite effect, and part-whole effect, they shibsevere face recognition impairment
on simple tasks of face memory. Furthermore, tbapd that limitations in face
recognition in the ASD population were specifiddoes and restricted to faoeemory
with at least a 30 second delay, rather than deficiface perception or discrimination.
However, they did find one rather robust quali@tilfference in face processing
between those with ASD and their typically devetgppeers — use of information in the

eye region (Weigelt et al., 2012). For examplethRrford, Clements, and Sekuler
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(2007) varied the eye-to-eye distance and the mimuttose distance in a face
discrimination task and found that those with ASBravimpaired in their sensitivity to
eye spacing Similarly, Joseph, Ehrman, McNally, and Keeh®0@) varied featural
changes alone and found impairments in their ASDpda only for trials where the eyes
varied. Finally, both Wolf et al. (2008) and Rilypherty-Sneddon, and Bruce (2009)
varied both featural and configural informationfad¢es and found impairments in
sensitivity for those with ASD, but only for theeeyegion. Thus, of the completed
studies that included face discrimination compagggs versus mouth changes (e.g. eye
or mouth substitution or distance between the eyles$e with ASD consistently showed
impairment in sensitivity to eye changes, but nouth changes.

Similarly, adults and children with prosopagnosaadrdemonstrated less
attention to the eye region of the face comparembtudrols. For example, deficient
processing of the eyes as measured by face remogtasks has been demonstrated in
cases of acquired prosopagnosia using methodsasuitie bubbles technique (Caldara et
al., 2005), face recognition tasks with featuressitiition (Ramon & Rossion, 2010), and
eye tracking methods (Stephan & Caine, 2009; XiRamon, Lefevre, & Rossion,

2008Y. However, importantly, not all cases of acquirensppagnosia show evidence of

* Note that changes in sensitivity to spacing ismftegarded as a “configural” rather
than “featural” change. However, as is outlinetble featural and configural changes,
in cases such as these, are often difficult torsépa In this case, those with ASD show a
configural or relational processing deficit, butyofor one feature, the eyes. Furthermore,
those with ASD do not show reliable impairmentghia inversion effect, composite
effect, or part-whole task. Therefore, this impent was considered feature-specific
rather than configural (referring to the entiregfpm nature.
> Stephan and Caine (2009) measured attention totirmal features versus external
features, rather than individual features (e.gsegese, and mouth) separately.
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abnormal featural processing (e.g. Le, RaufastBe&onet, 2003; Rizzo, Hurtig, &
Damasio, 1987). Nonetheless, abnormal eye-tragiatigrns on face recognition tasks
have been demonstrated in cases of DP as we#t, &ir examination of four adults with
DP showed a greater degree of attention to extéagires (e.g. forehead and chin) as
compared to controls. However, the authors dideport a direct comparison of
attention to the eyes between the two groups (Stevat al., 2007). Finally, a case
study of a child with DP (Schmalzl, Palermo, Grd@mynsdon, & Coltheart, 2008)
suggests that children with DP may also spend aoramally limited amount of attention
on the eye region of the face relative to typicdiyeloping controls. Regardless, future
work should examine tracking patterns of typicalgveloping children, children with
ASD, and children with DP to examine how attentldaators may be playing a role in
face recognition deficits.

As outlined above, investigations of the relativgortance of different face
features has largely relied on group data or cagkes rather than investigations of
individual differences. This is particularly intstang given the rather broad assumption
that attention to the “core” areas of the facegemlly the eyes, are particularly
important for face recognition. To date, only atedy, published as a non-peer-
reviewed study, has investigated individual differes in attention to different face parts
as they related to face recognition ability. Yawgng, Ge, Sun, and Xiao (2012)

hypothesized that, if attention to particular regi@f the face is important for face

Therefore, it is possible that the differencesttargion seen in their case of AP is not
specific to the eye region. Nonetheless, thisepaxhibited abnormal featural
processing compared to controls.
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recognition, then attention to those areas shaghifecantly correlate with face
recognition ability. They examined 5 areas ofriest (whole face, eyes, nose, mouth,
and other face areas). Participants completeddanew face recognition task while
their eye movements were recorded with an eye éracResults showed that, in both the
learning and recognition phases of the test, facegnition scores negatively correlated
with attention to the eyes. This finding held fartlb fixation duration and fixation count.
They did not report raw looking times. In other d®rthose devoted a greater proportion
of looking to the eye region (measured in numbdmxations and duration of looking
time) demonstrated poorer face recognition scodisother AOIs were significant. One
caveat of this finding is that the participantdimied in this study were undergraduates of
a University in China. Recent studies on the ethee-effect and eye tracking across
different races have suggested that different ingcgatterns may be differentially
beneficial for different races (Blais, Jack, SclexspFiset, & Caldara, 2008). Therefore,
the findings of this study may not generalize to-+Ghinese populations. A second
caveat is that this study included only 5 areastefest, limiting the ability to analyze
the importance of individual face features that rhaymportant, such as the eyebrows
(see Sadr et al., 2003). Finally, it was not destiin the description of the method for
this study if the faces used during the learninggehwere identical to the faces used
during the recognition phase. Ideally, photograjpged for testing will employ changes
in lighting and/or orientation to avoid feature-gtahg. Nonetheless, the findings of this
study are perplexing given the large amount of ijptevliterature suggesting that the

eyes are important for face recognition. One migive expected that attention to the
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eyes shoulgbositivelycorrelate with face recognition rather theegativelycorrelate.
Future work should clarify this finding.

Regardless, there has yet to lgear-reviewed empiricahvestigation, especially
with childhood populations, that directly examiries relationship between attention to
various regions of the face (e.g. eyes, nose, andhjrand an established, validated
measure of face recognition such as the CFMT. ®\itBuch a study examining these
relationships in typically developing populatioitss difficult to substantiate claims that
anyregion (e.g. eyes) of the face is particularly arignt for face recognition. In fact,
face recognition patterns for children might notpoecisely adult-like. For example,
Taylor, Edmonds, McCarthy, and Allison (2001) fouhdt the ERP N170 response,
typically seen in response to face stimuli, isrsger when children are presented with
eye stimuli rather than full-face stimuli, suggegtthat young children may process the
eyes more efficiently than the full face, contresyadults who show a stronger N170
response when the full face is presented. Yetwkmpwhether or not this is the case is
essential for understanding face recognition dis@nd subsequently developing
training programs for these populations. Thus, @fitbe goals of the present proposal
will be to investigate individual differences irtaation to various regions of the face in
relation to performance on established tests @& facognition for childhood populations.
Configural and Feature-Based Processing: Mutually Exclusive?

These two theories, configural processing versusppacessing, need not be
mutually exclusive. For example, although therditere tends to support the notion that

the eye region is particularly important for faeeagnition, it is important to note that
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the eyes, in and of themselves, are likely notigefit for successful face recognition
(Shepherd et al., 1981; Yovel & Duchaine, 2006)erEfore, other areas of the face,
especially the nose and mouth, likely make a laageribution to face recognition in the
everyday environment. For this reason, it is diffi to separate the processing of local
features from the overall configuration of the face

Furthermore, it may be that particular areas p@wubre global information than
others. For example, it may be that areas ofdhe hot typically attended to (e.g. the
forehead or cheeks) do not provide as much straidifiormation that indicate
individuality as other parts of the face (e.g. élyes, nose, and mouth). Therefore,
attention to particular face parts, such as the,ayay be necessary for skilled configural
processing of faces (Ramon & Rossion, 2010).

This idea is supported by several lines of eviderieirst, Leder, Bruce, and
colleagues have demonstrated that the inversi@ctetfypically thought to be a measure
of configural processing, is at least in part delgem on local features, specifically the
eye region (Leder & Bruce, 2000; Leder, Candrianbét, & Bruce, 2001). In fact, they
demonstrated that the inversion effect can be medifor the eyes in isolation of the rest
of the face (Leder et al., 2001). Second, Bukach.€2006) investigated a case of
severe acquired prosopagnosia and found that aoafigrocessing was impaired, but
only for the upper part of the face suggesting tioafigural processing may be
somewhat feature-based. Similarly, DeGutis, CoMarcado, Wilmer, and Nakayama
(2012) recently examined configural processing &itarge group of adults with

developmental prosopagnosia. Using the part-wtasle (Tanaka & Farah, 1993), they
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found evidence of normal holistic processing ofi@uth and nose but a part, rather than
whole, advantage for the eye region, unlike costrdlhis suggests that holistic
processing may be impaired for the eye region sesaf prosopagnosia, and thus,
holistic processing of the eye region may be paldity important for face recognition.
Furthermore, these findings are supported by ssuskamining locations dirst

fixations that may optimize the ability of picking as much configural information as
possible in just one or two fixations. For exampien Belle et al. (2010) examined
fixations sequentially and found that early fixasaended to fixate near the eye region
of the face. Interestingly, in a similar analysisjao and Cottrell (2008) found that,
when limited to just two fixations, participantsitked to fixate the nose region of the
face. Although this finding seems contrary to dleve-mentioned literature, the
difference in fixation location may be a resulliofiting viewing time to just two

fixations. However, see Henderson et al. (2006afoexample of how limiting free
viewing of faces can hinder face recognition perfance. This calls into question the
relative importance of the eye region, but alseesithe possibility of the importance of a
centrally located fixation for efficient configurptocessing of the entire face.

Second, there is evidence that different partb@face may be more informative
for recognition in different races that have sliglifferent facial structures. In other
words, although the eye region may be most infareatrom a structural standpoint, for
Caucasian faces, this does not mean that the giymnreill provide the most structural
information for other race faces. This may seemmuamtintuitive given the vast amount

of literature that supports the notion that thesegiee important for face recognition and
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configural processing. Nonetheless, Blais et &l08) appropriately point out that the
majority of this research has examined Western &aan individuals, with little regard

to possible differences in other races. Howearemt research as begun to address this
issue, with interesting findings. For example, Blei al. (2008) examined eye-tracking
patterns in both Caucasian and Asian adults. dia@atits were presented with face
recognition tasks using both races of faces. Rigss, of the race of the stimuli,
Western Caucasian participants tended to fixateyeeregion of the face, followed by
the mouth region. In contrast, Asian participantsnly fixated the more central nose-
region of the face. As would be expected, botlugsownere better at recognizing faces in
their own race (Blais et al., 2008).

Similarly, Hills and Lewis (2006) hypothesized titanay be possible to
minimize the own-race-bias for face recognitionttayning individuals to attend to the
features that provide the most discriminative vdtuea particular race. They capitalized
on the finding that African faces, more so than &atan faces, differ in the lower
regions of the face. They trained Western Caunasiividuals to attend to the lower
regions of the face during a face training task sutosequently found that the training
improved the ability of the Caucasian participantdcognize African faces. This finding
supports the notion that theaturesof the face that provide the most structural or
configuralinformation may differ across races.

Substantiating these findings, Tan, Stephen, Weadhand Sheppard (2012)
found that Malaysian Chinese individuals, who dteroexposed to both Chinese and

Caucasian faces, showed eye tracking patternsvératcommonly seen in both East
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Asian (attention to the nose) and Western obsefattention to the eyes) but did not
show evidence of increased attention to the loegion of the face when looking at
African faces.

These studies not only shed light on how diffeseets of the face may better
inform a person’s identity than others, dependingheir race, but also highlight reasons
why we see evidence of the other-race-effect (MagaKravitz, 1969) — the highly
documented finding that it is easier to recognae$ of races that one has regular
exposure to, typically their own, than other ra(s=se Meissner & Brigham, 2001 for a
meta-analysis of this literature). Furthermore,figural processing is most prevalent for
own-race faces than other-race faces (Michel, Rassian, Chung, & Caldara, 2006).
This finding further elucidates the idea that weyrgarn particulafeaturesthat provide
the most information abogbnfigural structure in the race of which we have the most
exposure, our own-race. Therefore, it is likelytthva develop the ability to best discern
differences between faces that are most prevalemgldevelopment and therefore
provide the highest diagnostic value for face redtan (Tan et al., 2012).

L essons L earned from Computer Vision
Another avenue of research that is relevant togloposal is the use of computer
systems for face recognition. Since, the 1970gineers have been attempting to create
computer systems that are capable of face recogrfiiom both still images and videos.
These advances are extremely important for entennt purposes (e.g. video games),
smart cards, information security, and law enforeetand surveillance (Zhao,

Chellappa, Phillips, & Rosenfeld, 2003). Althougke currently developed systems are

31



still far from being able to recognize faces atlthesl of the human perceptual system
(Zhao et al., 2003), the success of systems moa@éiedthe human recognition system
may provide insight as to what geometrical aspeictse face are most beneficial for
face recognition.

In general, the success of computer face recagnstystems are dependent on their
ability to detect a face, extract the relevantdesg, and identify the face. Interestingly,
within this realm, the step of face identificatioas, generally, been divided into three
types of models: those using holistic approaches égenfaces and Fisher faces), those
using feature-based approaches, and those takiylgral approach (Zhao et al., 2003).
Holistic approaches use the whole face as inptiidsystem, a method based on
principle component analysis. These are templattsimmg systems in which each
template is a prototype face or an abstract reddoeénsional feature vector obtained
by processing the face as a whole (Etemad & Chadlap997). Feature-based systems,
on the other hand, use local features (e.g the) éyextract location information and
local statistics such as the sizes of and distalpesgeen major features (Etemad &
Chellappa, 1997). As the human perceptual systetyluses both holistic and feature-
based information for face recognition, the hylabroach takes both models into
account (Etemad & Chellappa, 1997; Zhao et al.3200

The benefit of these systems for understandingamuiace perception is that
computer models such as these may shed light odirttensions of difference between
faces that may provide the most information foefeecognition. However, the findings

regarding the areas of the face that may be mes$tlusr face recognition computer
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systems have been mixed, and often depend on theytar kind of model used. For
example, Etemad and Chellappa (1997) developedtaréebased face recognition
model by the calculated discrimination power ofatiént parts of the face. When
analyzing the different parts of the face by cormgahorizontal bands, they found that
the different areas of the face are largely congaria their discriminative power,
however, the area between the nose and the maeltteglithe most discriminative power
relative to other horizontal bands. Furthermorah&ir model, the discriminative power
of the whole image was much larger than the disoative power of any part in and of
itself.

On the other hand, Ballihi, Amor, Daoudi, Srivastagnd Aboutajdine (2012)
used a curve-based analysis that represents &gk as a collection of curves. They
found that the curves in the top half of the fasteriming from the nose) were best
predictive of face identity than curves stemmirapirthe nose but representing the lower
half of the face. However, the authors pointedtbat the regions in the upper half of the
face highlighted by their analysis is a region ikaperhaps, more robust to facial
expression than the mouth area of the face. Tigidights the importance of recognizing
the differences between computer recognition systemid human face perception—for
human face perception, the use of human facialesgprn may, in fact, be an important
part of face recognition rather than somethingdaliscarded, as is the case with

computer recognition systems.
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The Present Studies

The goal of this thesis was to examine the aspdédtse face that are most
important for successful face recognition and wletan we use this information to
predict, identify, and possibly explain face reatign difficulties in children.
Furthermore, if the information used in face redgtign can be better understood, this
could then inform studies aimed at training facggmnition abilities in children.
Children are the main focus of this proposal beedyst is not yet known if configural
or feature-based processing is predictive of facegnition skills in the same way as
adults and 2) this is the population for which Igedtble to predict a face recognition
impairment is most imperative — as children arédgveloping social skills and are
possibly young enough to benefit from an intervamti

Based on the literature cited above, these stwaes fueled by the central
hypothesis thathildren who show evidence of a greater degreeofigural processing
and greater attention to the eye region will penfobbetter at tasks of face recognition
than children who process faces in a less globaimea and devote less attention to the
eye region.

More specifically, the experiments included in tthissis examined the following

hypotheses:
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AOI predicts Face Children with higher face recognition scores wikad

Recognition Score more time and have more fixations on the eye region
during face recognition tasks. Other AOIs willatse
evaluated.

Configural Processing Children who show a greater degree of configural

predicts Face Recognition | processing of faces will have higher face recogniti

Score scores on face recognition tasks.

AOI predicts Configural Children who show a greater degree of configrual

Processing processing of faces will show more fixations to ¢ye
region on eye tracking tasks.

*AOIl = Area-of-Interest, FR = Face Recognition

Table 1. Hypotheses Tested in the Present Thesis

These hypotheses were addressed across four stitipsriment 1 aimed to
examine what features of the face children atterauting a standard face recognition
task. The goal was to determine which featurab@face may be most informative for
face recognition and to determine data-based areederest to be examined in
Experiment 2. Experiment 2 examined typically depang 8-year-old children on a
series of tasks including: two face recognitiork¢asased on the CFMT (Duchaine &
Nakayama, 2006), one with children’s faces andther with adult faces; two part-
whole tasks (Tanaka & Farah, 1993), one with chiits faces and the other with adult
faces, included to obtain a measure of configuratg@ssing; and an object recognition
task, created by our lab and modeled after the CFMIrthermore, eye-tracking data
was collected during both face recognition taddsing these tasks, we were able to
assess individual differences in children’s facgmition abilities based on the
hypotheses listed above. Finally, Experiments@B4nsed similar methodology as
Experiment 2, but with a different sample of pap@nts. Experiment 3 sampled from

children who had participated in previous experitaersing the face recognition tasks
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mentioned above. From this sample, two groups wezated based on their initial face
recognition scores and were asked to return téathéor testing. These two groups (high
performers and low performers, matched in ageva df testing) were then compared
for differences in configural processing and attento various parts of the face. Thus,
the overall purpose of Experiment 3 was to substenthe findings of Experiment 2.
Finally, Experiment 4 collected data from a sangdlehildren with developmental
prosopagnosia with the hypothesis that, like thdtdderature, these children may show
evidence of abnormal configural processing andteyeking patterns compared to their
typically developing peers.
CHAPTER 2: Experiment 1
Introduction

The overall goal of Experiment 1 was to examinechiparts of the face are most
salient for children during a face recognition tasleature-saliency was examined in two
ways. First, we examined attention to variousaegiof the face to determine which
parts children attended to the most. More speadificwe hypothesized that children,
like adults, would devote the majority of theirdbons to the eye region of the face,
followed by the mouth and nose in no particulareordSecond, we analyzed attention to
various areas-of-interest (AOIs) to see if facegmition performance, as measured by
accuracy, varied systematically with attentionpiedfic areas of the face. Specifically,
we hypothesized that, if the eye region of the fagmarticularly important for successful
face recognition, children with higher accuracyrssshould devote more attention to

the eye region of the face than children with loaeturacy scores. The selected areas of
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interest for this study were chosen based on puswaalult literature—given the attention
to the eyes, nose, and mouth, these areas weuel@tths the internal, or core, AQOIs.
Furthermore, due to the hypothesized saliencyettebrows proposed by Sadr et al.
(2003), we included the eyebrows as a separate &hlly, we wanted to examine the
importance of the less-attended-to areas of thedad perhaps probe the hypothesis that
attention to these less informative areas mayferemwith successful face recognition, as
suggested by Schwarzer et al. (2007). Therefoeaneluded the forehead, cheeks, and
chin as additional AOls.
Method

Participants

Thirty-three (13 males) typically developing 7-da8+year-old children were
included in the final sample (M=7;9, range = 7;4-2)8;Children were recruited through
the University of MN, Institute of Child Developntgmarticipant pool. Three additional
children were excluded from the sample due to egaig failure (2) and withdrawal
from the study (1).
Apparatus

Eye tracking data were collected using a Tobii Esecker 1750 paired with
Tobii Studio version 1.0. Stimuli were presentedasstreen with a 17-inch monitor set at
a resolution of 1024x768 pixels. For this typeepé-tracker, the cameras used to track
eye movement are built into the screen. Thus,ingtivas attached to child and no head-
mount was used. Standard 9-point calibration wasl.usor optimal calibration,

participants were seated approximately 60 cm frloenstreen. The eye-tracker sampled
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the position of the participants’ eyes at a raté@flz. Fixation count and fixation
duration data were exported after the end of tipeement for each AOI. For each child,
the number of trials in which there was scoraldeking was calculated. Although no
children were excluded for limited tracking dataeda a small sample size, tracking was
largely successful for this age group (M = 17.24ld¢rout of 20 possible 20 trials, Range
=7 — 20 trials). Data were collected using a @ethputer on which all tests were run.
Tasks
Eye Tracker Task: Face Recognition

This task was created by our lab to assess attetttigarious parts of the face
during face recognition. The face images usedigtdsk were provided by the
Computer Vision Laboratory, University of Ljubljanalovenia (Peer; Solina, Peer,
Batagetj, Juvan, & Kovac, 2003). Children wereegan front of a computer and were
read the instructions by a trained experimentere@uh trial, a learning face was inlaid
in an oval that was 26 cm high x 17 cm wide, cettem the screen, and presented to the
child for 5 seconds. Subsequently, three faces) gdaid in an oval 13 cm high by 8.5
cm wide in size, one matching the target face amdftils, were presented on the screen
for unlimited duration and the child was askedhoase which of the 3 faces matched
the previously seen target face. These test faees separated from each other by 2.5
cm with the center face centered both vertically harizontally. The child noted his/her
choice by clicking the face using the computer neouBhis continued for 20 trials. As
we were particularly interested in how children @oginformation that is later used for

recognition and how this varies with their faceogition performance, we collected
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eye-tracking data during the learning phase of éaahusing a Tobii eye tracker. As
previously indicated, each face was divided in®ftillowing areas-of-interest (AOIs):
eyes, eyebrows, forehead, cheeks, eyebrows, nasghnand chin. Trials were included

so long as tracking data were collected duringehaening phase.

Figure 3. The Eye Tracker Task: Face Recognitiarthis task, AOls were defined as seen in (A O
each trial, participants were presented with a fac® seconds (B) and subsequently asked to chibese

target face from a line-up of the same face andfbis (C).

Cambridge Face Memory Task for Children (CFMT-C)

Cambridge Face Memory Task for Children (CFMT-Qufe 4; Duchaine,
Nakayama, Pellicano, & Pimperton, 2006) is a clalsthversion of the Cambridge Face
Memory Task (CFMT; Duchaine & Nakayama, 2006). Pphepose of this task was to
examine the face recognition skills of childrenisTtask differed from the Eye Tracker
Taskin that children were asked to remember the safaeds throughout the task,
placing more demands on working memory. Also,it@ges of the faces used for
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testing were not identical images as those sedngllegarning; rather, they differed in
orientation, eliminating the possibility that chigsh were simply memorizing local
features of the photographs rather than facialtigen

Children were seated in front of a computer ancewead instructions from the
screen by a trained experimenter. Before the sfdtte test, the participant was
presented with three practice trials displayingdaon character to ensure that they
understood the rules of the game. The test wadeathinto three phases. In the first
phase, children were asked to learn the facesadiuf males. For each face, children
were presented with three sequential views (frésitlegrees, and -45 degrees, for 5,000
ms each; see Figure 4, part i) of the face and shbsequently asked to pick the target
face from a lineup of two faces across three t(ialalternative forced-choice; see Figure
4, part ii). For all trials, the faces remainedtia screen until a choice was made. This
process was repeated for each of the 5 faceshdsep2, children were allowed to review
the 5 target faces for 20 seconds and were thesepied with 25 binary forced-choice
trials of a target face (which could be any on&heffive faces learned in phase 1) and a
distractor. In addition, the photographs in phage tad a different orientation than those
of phase 1 (see Figure 4, part iii). Finally, phaseas identical to phase 2 with the
exception that the faces were masked with noisér{@8). Children received a score
reflecting their percent correct across all tridfsevious data collected in our lab has
shown that this test has high test-retest relighil=0.69 and is effective in identifying

children with DP.
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Figure 4. The Cambridge Face Memory Task for Childrin phase 1, children were asked to learne fac
(i) and then were tested with 3 2-alternative-fdrchoice trials for each of 5 faces (ii). In phase
children were first allowed to review all 5 facéssltaneously for 20 seconds and then were predente
with 2-alternative forced-choice trials that contd a target face and a distractor (iii). Thedtfgce
differed from phase 1 in orientation. Finally, paa8 was identical to phase 2 with the exceptiahdh
faces were masked with noise. Reprinted with pesions from Taylor & Francis from Wilson et al.
(2010).

Object Recognition Task

To assess the child’s ability to recognize objewtscreated an object recognition
task identical in format to the CFMT-C using eyegkes as stimuli rather than faces. In
addition to assessing object recognition, this tesked the purpose of ensuring that the
child could understand the instructions of the CFWITas the rules were the same.
Children were presented with three practice taiggplaying backpacks that differed
greatly to ensure that the child understood thesrof the game. Like the CFMT-C, the

test was divided into three phases. In the finstse, children were asked to learn and
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memorize 5 pairs of glasses. For each pair, childrere presented with three sequential
views (front, 45 degrees, and -45 degrees, for®bd each; see Figure 5, part i) of the
glasses and then subsequently asked to pick thettnom a lineup of two pairs of
glasses (one foil and one distractor) across tinias (2 alternative forced-choice; see
Figure 5, part ii). This process was repeated &oheof the 5 pairs. Like the CFMT-C,
phases 2 and 3 presented the pairs of glassasew arientation and masked with noised

respectively. Children received a score reflectiragr percent correct across all trials.

b ---
i) --

Figure 5. The Object Task. In phase 1, childrereveesked to learn a pair of glasses (i) and thee we

tested with 3 2-alternative-forced-choice trialsdach pair of glasses (ii). In phase 2, childsene first
allowed to review all 5 faces simultaneously fors&@onds and then were presented with 2-alternative
forced-choice trials that contained a target adésaactor (iii). The target differed from phaseanl
orientation. Finally, phase 3 (iv) was identiaapthase 2 with the exception that all faces wergketh
with noise. Image adapted and reprinted with pssians from Taylor & Francis, from Dalrymple,
Corrow, Yonas, and Duchaine (2012).
Procedure
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After completing the consent process, children were seated in front of the eye
tracker and the system was calibrated to accurately track the child’s gaze. Then,
children completed the eye tracker task and their gaze was recorded. Following the
completion of that task, children completed the CFMT-C, the Object Task, and an
emotion recognition taské in random order. The Eye Tracker Task was always
completed first to maximize the likelihood that the children would be able to remain
still for eye tracking.

Results
Evaluation of Individual Measures
Eye Tracker Task: Face Recognition

The purpose of the Eye Tracker Task was to codlgettracking data during face
learning. Thus, we were less interested in thereson this task than the amount of time
they spent looking at each AOI. However, evaluptoores on this test is important for
ensuring that children were actually learning theek presented in the learning trials.
For each child, a score was calculated to reflezipercentage of trials (out of 20) in
which the child gave a correct response. With cegerformance equaling 33% (0.33)
correct, results showed that children were highlycessful at identifying the faces

presented in this task [M = 0.81, SD = 0.118]. §htianything, children showed a slight

® Children completed an emotion recognition task jyuia the purposes of piloting this
task. Approximately half of the children completed Reading the Mind in the Eyes
Task (Baron-Cohen, Wheelwright, Hill, Raste, & Pmrd001) and the other children
completed a new emotion recognition task createdunyab that roughly modeled the
format of the CFMT-C. However, we were not intéeesin how scores on this task
varied with face recognition performance. Thes#stevere included simply for piloting
purposes.
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ceiling effect. Therefore, the tracking data ottel during learning trials should reflect
successful face recognition.
CFMT-C

The CFMT is a highly reliable face recognitionkiadten used for adult face
recognition studies. The childhood version, th&TFC, is an adapted version of the
CFEMT intended for children. Previous studiesum kab have shown that the test-retest
reliability of this task is high [r=0.69] and thisst is successful for identifying face
recognition deficits in cases of developmental ppagnosia. In the present sample, a
score was calculated for each participant reflgctive percent correct out of 60 trials [M
=.795, SD = 0.09].
Object Recognition Task

The purpose of the Object Recognition Task wangure that participants did
not suffer from a general agnosia impairing theitity to recognize objects, not specific
to faces. In addition, as the format of this teas identical to the CFMT-C, this task also
served to ensure that the child understood theiteskuctions. In other words, if
children performed within normal range on the Objeask, poor performance on the
CFMT-C could not be explained by lack of understagaf the instructions. Like the
CFMT-C, in the present sample, a score was cakifiar each participant reflecting the
percent correct out of 60 trials [M = 0.779, SD.618]. Because this was a binary
forced-choice task, chance performance was 50%cirBased on these data, we
concluded that the Object Task did not have a ftwareiling effect. However, it should

be noted that CFMT-C performance significantly etated with object recognition
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performance [r = 0.369, p<0.05]. To account fos,teach of the following analyses
were performed in two ways. First, as plannedexemmined correlations between
attention to various AOIs and CFMT-C score. Secasduggested by Wang et al.
(2012) and Wilmer et al. (2012), we regressed perémce on the Object Task out of
performance on the CFMT-C in order to isolate #raaining variance that explained
face recognition performance as opposed to morergkeabject recognition abilities and
the ability to understand the task instructionfer, each AOI could be correlated with
this remaining residual to examine how attentiothse areas systematically varied with
a direct measure of face recognition skill.

Analysis of Eye Tracking Data

To evaluate the relative importance of differeneias of the face in face
recognition, two analyses were completed. Firstrage looking times to each area of
the face were evaluated across all participantss dnalysis allowed us to examine if
children, like adults, devote the majority of thaitention to the eyes, nose, and mouth
regions when learning a face. Second, we weregstied in how individual differences
in attention to the face were predictive of faceognition skill.

We first examined the amount of time that childdewoted to each region of the
face, collapsed across all participants. Resattddth number of fixations and duration
of looking, presented as a proportion of total iagk(looking time/fixation count divided
by total looking time/fixation count), to each aa presented in Figure 6. Consistent
with the previous literature, children devoted thajority of their attention to the eyes

(0.42 duration/0.34 fixation) followed by the nd®e26/0.28), mouth (0.13/0.12), and
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eyebrows (0.12/0.12). Interestingly, children dedovery little attention to non-core
areas of the face such as the cheeks (0.06/0d8jhdad (0.04/0.04), and chin

(0.01/0.01).
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Figure 6. Proportion of Attention to each AOI irgeriment 1. Blue and red bars reflect proportibn o
fixations and duration of looking time to each A@spectively, during learning trials of the Eyeadker

Task.

Second, we were also interested in whether or ttentéon to particular areas of
the face was predictive of face recognition scasemeasured by the CFMT-C. Such an
analysis required a bonferroni correction for fediént comparisons; one for each area of
interest, resulting in a critical p-value of p 07. Correlations between each AOI and

performance on the CFMT-C are listed in Table 2.
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Cheeks | Eyes | Chin | Forehead | Eyebrows | Mouth | Nose
Fixation |-.065 |.553 -318 |-.337 -313 263 -121
(.718) | (.001) | (.071) | (.055) (.076) (.140) | (.502)
Duration | -.030 |.394 -316 |-.310 -.333 322 -.193
(.868) | (.023) | (.079) | (.079) (.058) (.068) | (.282)

Table 2. Correlations between the CFMT-C ScoresAdtehtion to each AOI on the Eye-Tracker
Task. Values listed are Pearson correlations withil2d significance values in parentheses. Theected

bonferroni p-value is 0.007.

In addition, we analyzed the correlations betwesshearea of interest and the
residuals not explained by the Object Task perfoigeafter regressing the Object Task
from the CFMT-C scores. Again, using a criticalgue of 0.007, the resulting

correlations and p-values are presented in Table 3.

Cheeks | Eyes | Chin | Forehead | Eyebrows | Mouth | Nose
Fixation |.141 474 -144 | -367 -438 .302 -.086

(.434) | (.005) | (.422) | (.036) (.011) (.087) | (.633)
Duration | .148 317 -129 | -324 -.443 325 -.160

(412) | (.072) | (:474) | (.065) (.010) (.065) | (.373)

Table 3. Correlations between CFMT-C Residuals/Attehtion to each AOI on the Eye Tracker Task.
Values reflect the correlation after the variancpl@ned by the Object Task had been removed, aol e

AOI on the Eye Tracker Task as measured by prapodf fixation count and duration of looking. Vaki
listed are Pearson correlations with 2-tailed digaince values in parentheses. The corrected tromieX
is 0.007.

Analysis of these correlations revealed a few egeng findings. First, the
proportion of fixation count to the eye region veagnificantly correlated with
performance on the CFMT-C regardless of whetheetated with the CFMT-C score or
residuals unexplained by the Object Task. All otwrelations were not significant.
However, it is interesting to note that the eyed mouth were consistently positively
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correlated with face recognitions score, wherea<ttin, forehead, eyebrows, and nose
were consistently negatively correlated with CFMT{urthermore, correlations
between CFMT-C and attention to the chin, forehegdbrows, and mouth were
marginally significant and may have yielded sigrafit correlations with a larger sample
size. These data suggest that attention to theeareias of the face may enhance face
recognition whereas attention to more extraneoessanf the face may actually hinder
face recognition.

Finally, to further substantiate the differencensn children with high face
recognition scores on the CFMT-C and children Witk face recognition scores, the
highest and lowest quartiles (8 children in eacugy were compared in their attention
to the eye region. These planned comparisons lexiézat children with the highest
CFMT-C scores attended more to the eye regionc¢hadren with low CFMT-C scores
as measured by both proportion of duration of logkime [t(14) = 2.042, p = 0.06
marginally significant] and proportion of fixatiofig14) = 2.807, p < 0.05].

Discussion

The analyses of Experiment 1 yielded the followfindings. First, when
completing a face recognition task, children deddbe majority of their attention to the
eye region of the face followed by the nose, moaitid, eyebrows. Along these lines,
they devoted very little attention to the more ar&ous areas of the face such as the
chin, forehead, and cheeks. To examine how indalidifferences in face recognition
skill may be related to attention to particularaearef the face, we examined the

correlations between these measures in two walyst, We correlated attention to each
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AOI with their face recognition score on the CFMT-8econd, we correlated attention
to each AOI with the residuals of the CFMT-C unexpéd by the Object Task. This
allowed us to isolate face recognition by remouimg variance explained by general
object recognition skill and task-specific facteteh as the ability to understand the
instructions. Both analyses yielded a significamtrelation with the proportion of
fixations to the eye region of the face. Furtherenavhen the top quartile and bottom
guartiles of children, based on their CFMT-C scarere compared, the eye region again
yielded significant differences between the twougps

These findings support the theory that attentiothéoeye region of the face is
important for successful face recognition in cheldr In addition, although not
significant, the negative correlations between fao®gnition score and attention to
extraneous areas of the face, such as the forebeggest that attention to these areas
may actually hinder face recognition performanédéhough these data support the
majority of the literature on this topic, they an@ consistent with the only previously
published study examining individual difference$neen attention to various local
features of the face and face recognition abifiy summarized above, Yang et al.
(2012) had adult participants complete an old-n&we frecognition task while their eye
movements were recorded. They found that facegretton performance negatively
correlated with attention to the eye region. Thhsir results conflict with the findings
for this study. However, cultural differences neyplain this discrepancy. Yang et al.

(2012) collected their data from adults at a ursitgrin China. Thus, it is possible that
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the eye region in Chinese populations providesdessiminative information for
identity than in Western populations.

Experiment 1 also provided the opportunity to eatdithe usefulness of each of
the measures used. First, we discovered thaguathpossibly useful for the analysis of
attention to the face, the Eye Tracker Task prodaceeiling effect for 8-year-old
children, limiting the usefulness of interpretitngtscores of this measure. However, the
analyses of areas of interest provided prelimifiagings useful for formulating
hypotheses for planned comparisons in Experimehh2.CFMT-C and the Object Task,
on the other hand, produced scores with no cedimfigpor effect and a distribution of
scores large enough to make it possible to pickdpidual differences.

Nonetheless, there were a few limitations to tRgeeiment. First, once the
participants were divided into 4 quartiles, sangites for each group were rather small.
Thus, a greater number of participants per group ma&e yield clearer findings.
Second, although the CFMT-C was very effectivesiamining face recognition skills in
children, the Eye Tracker Task had limitationststialthough the faces used in this task
were void of hair, they contained many subtle Ideatures that may have provided
information about identity (e.g. the location oétlyebrows in relation to the outer
contour of the faces or a slight indication of eimotn the mouth region). Because the
target face photograph was identical to the phajagused in testing, these cues may
have been relied upon for later identification, by explaining why there was a ceiling
effect. Given that these subtle cues were avaiabis possible that children used

slightly more local-dependent strategies to coneptleis task than they did in the CFMT-
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C, which does not have these limitations. Howenmst of these local cues were present
in areas other than the eye region. In other wdhils test was rather conservative in
that, if children were relying on these cues kiely would have resulted in them
spending less time on the eyes overall. Nonetbelegeriment 2 addressed these
concerns by increasing the sample size and abamgitime use of the Eye Tracker Task
and instead used two eye-tracker compatible vessabthe CFMT.

CHAPTER 3: Experiment 2

Introduction

The main goals of Experiment 2 were to addresénhitations of Experiment 1
and, in addition, evaluate the hypothesis thatichil who demonstrate a greater degree
of configural processing strategies are be bettica recognition.

Children in Experiment 2 completed tasks aimeelvatuating three questions: 1.
Where does the child look at the face during ideatiion tasks (AOI)? 2. How well does
the child recognize faces (FR)? 3. Does the clsllaonfigural processing strategies for
face recognition (Configural Processing)? Basethese questions, Experiment 2
evaluated each of the main hypotheses of thisghasilisted in Table 1. To attain this
goal, children completed two face recognition taskk eye tracking, two tasks of
configural face processing, and one object recagntask.

Method
Participants
Eighty-five typically developing 8-year-old childr¢38 males) were included in

the final sample (M = 8;4, age range = 8;0 — 8;IMhis age was selected because this
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was the age group used in the Experiment 1 andubedais is the age of the majority of
children whose parents’ come to the realization tineir child does not recognize faces.
In other words, most of the parents who have coediihe lab concerned about their
child’s face recognition abilities have children’ef0 years-of-age. In addition, this age
group was selected for the purposes of comparistimtiae children to be tested in
Experiment 4, most of whom are in this age range.

Children were recruited through the University dMnstitute of Child
Development participant pool. As is outlined abagluation of the hypotheses
depended on a face recognition score, eye tradatm and a measure of configural
processing. Therefore, to be included in the a®alychildren needed to complete a
minimum of the CFMT-C, with reliable tracking datand the Part-Whole Kids Task.
These tasks were chosen as the minimum criterimétusion because they have a
history of being reliable and these tests have lbeed and described in previous work.
Comparatively, the CFMT-kids and the Part-Whole Wtlsks were developed recently
and have never before been run with childhood auis. Thus, the crux of the
analyses focuses on the former rather than ther laBased on these criteria, eight
children were excluded from the sample due to egarg failure (5), limited eye
tracking (2), and a verbal refusal to cooperate (1)

Apparatus

The apparatus used in Experiment 2 are identicdiabof Experiment 1.

Tasks

Cambridge Face Memory Task for Children (CFMT-C)
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The Cambridge Face Memory Task for Children (CFMT~@ure 4; Duchaine et
al., 2006) was identical to that of ExperimentThe only difference was that the images
on the screen needed to be slightly enlarged ierdaddefine distinct AOIs for the
purposes of eye tracking. Specifically, the imagese 312% the size of the images in
the original CFMT-C from Experiment 1. Also, rathiban the participant pressing a key
to choose their response, they gave a verbal resporhis was done to prevent children
from looking away from the screen to select theaxirkey to press. Instead, the
experimenter pressed the key for them. An examillee AOIs defined for the CFMT-
C is presented in Figure 7. Instructions for howl&®@ere defined are listed in Appendix

1.

Memorize

Figure 7. Example of Areas of Interest Definednia CFMT-C.

Cambridge Face Memory Task for Kids (CFMT-Kids)
Like the CFMT-C, this task was adapted from thgioal adult version of the
Cambridge Face Memory Task (Duchaine & Nakayam@6R0In general, the

instructions and procedure for this task were idahto the CFMT-C, however, with
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three main differences. First, children’s facesengsed as stimuli rather than adult
faces. Second, participants were required to memd&ifaces rather than 5 and, thus,
overall this version had a greater number of tff@®. Third, the participant was
presented with 3-alternative forced-choice trialher than 2-alternative forced-choice

(see Figure 8).

(a) (b)
MEMORIZE TARGET
INTRODUCTION
NOVEL
NOISE

Figure 8. The CFMT-Kids and 3-Choice Object Tagk) Example stimuli from the CFMT-kids task. (b)
Example stimuli from the 3-alternative-forced-cheiobject Task. Like the CFMT-C and 2-choice Object
Tasks from Experiment 1, children were asked to oréze a target from three different views as is

displayed in “Memorize Target.” Then, they weranediately asked to identify the target from a chaé

three during the “Introduction” trials. In phasgtiey were first allowed to review all 6 of thetaed
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targets for 20 seconds before identifying the tiafigean images with a “Novel” orientation. Finallgfter
reviewing the target images one more time (20 sgepithey were asked to identify the target from 2
distractors when the images were masked with nbisgge reprinted with permissions from Taylor &

Francis from Dalrymple et al. (2012).

The purposes of having children complete the CFMdsKvere threefold. First
and foremost, this task was recently created arttiedime that this experiment was
completed, normative data had not yet been cotleatea large group of children.
Therefore, the inclusion of this task allowed fatigect comparison between data from
this task and the widely used CFMT-C. In otherdagpiby running both face recognition
tasks on a group of children, we were able to atalthe validity of this measure by
cross-comparison with the already established CFM¥econd, although the central
data analyses focused on examining the more wigsdg CFMT-C, the addition of this
task allowed to possibility of asking additionalegtions such as whether children
evaluate and recognize children’s faces differetiitin adult’s faces. Finally, although
these analyses are not included in the scope®thbsis, inclusion of this test allowed us
to compare eye-tracking of one test (e.g. CFMT-@h ¥ace recognition scores of
another (e.g. CFMT-K), reducing the possibilitytte@nificant correlations between
AOIls and face recognition scores were a resulpetisic local qualities of the stimuli
(e.g. the outline of the cropped face).

Part-Whole Task — Adult Faces (PW-Adult)
To obtain a measure of configural processingdegii completed two versions of
the Part-Whole task (Tanaka & Farah, 1993). Asriesd above, the Part-Whole Task

is a popular measure of global face processinghasdeen used with both children and
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adults. In this version of the Part-Whole taskldrbn were presented with a target face
and were subsequently asked to identify one pahaiftarget face (e.g. the eyes) either
in isolation or in the context of the face. Tarfgsttures included the eyes, nose, and
mouth. However, the child was unaware which ofttiree features would be tested on a
given trial. In thePW-Adult taskchildren were presented with two practice trtalbe

sure that they understood the rules of the gameeddh trial, the participant was
presented with a photo of an unfamiliar face fee8onds. In the whole condition, the
child was immediately presented with a 2-alterrafiwrced-choice test trial. In this trial,
one of the faces was identical to the target fakthe other differed only by one feature.
The child was then asked to identify which face wiastical to the target. The part trials
were identical to whole trials with the exceptitiatttesting included two isolated
features (one belonging to the target and the atbgrand the child was asked to identify

which of the two features belonged to the target.
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Part-Whole Task

Target Face
1000 ms

Whole Trials Part Trials

eyes

nose

mouth

Figure 9. The Part-Whole Task — Adult Faces. Fihg participant was asked to memorize a target fa
Then, in whole trials, the participant was preséntéh the entire face and in part trials, they ever

presented with only one feature. In both casespttly difference between the two choices wasdhget

feature itself and the participant was asked tatiflethe correct face or feature. Reprinted frDeGutis

et al. (2011) with permission from Elsevier.

There were several reasons for including this.tdskst, this specific version of

the Part-Whole task, using adult faces, has nat bsed with children. Therefore, the
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use of this task in Experiment 2 allowed for theation of a normative data set for
comparisons with future studies. Second, this keskbeen used in previous adult work
(DeGutis, 2013; DeGutis et al., 2011). Thus, altiobeyond the scope of this thesis, it
affords the opportunity for comparison with adutidings. Third, the use of this task, in
conjunction with thé?art-Whole — Kids Facesee below), allows for an evaluation of
whether configural processing applies to adult$anghe same way that it applies to
children’s faces.

Part-Whole Task — Kids Faces (PW-Kids)

Children also completed the Part-Whole Task wititdcen’s faces rather than
adult faces. This test was obtained from the Liedise It! Battery (Wolf et al., 2008)
provided by James Tanaka. Like the PW — Adult Tekkdren were presented with a
target face and were subsequently asked to idemigypart of that target face (e.g. the
eyes) either in isolation or in the context of taee. In the PW-Kid3ask(see Figure
10), children were presented with four practical$rihat depicted cartoon faces. On each
trial, the participant was presented with a phdtarounfamiliar face for 4 seconds. In
the whole condition, participants were immediafaigsented with a 2-alternative forced-
choice test trial. In this trial, one of the fasess identical to the target face and the other
differed only by one feature. The child was thekeal to identify which face was
identical to the target. The part trials were it with the exception that testing
included two isolated features (one belonging &otdrget and the other not) and the
child was asked to identify which of the two featsibelonged to the target. Children

had an unlimited amount of time to answer. Furtdetails of this test are described in
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Wolf et al. (2008).

HOT- I

{ai

thHOlE U FHOEES

L] icl

Figure 10. The Part-Whole Task — Ki@n each trial, children were first presented witarget face (a),

followed by either a part trial (b) or a whole trfa). In either case, the two choices differedonjy one

feature: eyes or mouth. Image reprinted with pesiois from John Wiley & Sons from Wolf et al. (2008

Object Task (3-Alternative Forced-Choice)

This test was identical to the Object Task sedixiperiment 1 with the following
exceptions. The test was modified to match theé&rof the CFMT-Kids (see Figure 8).
Therefore, rather than the children learning 5gairglasses, they learned 6. Similarly,
on each trial, they were asked to pick the tangenfa line-up of 3 pairs of glasses rather
than 2. Thus, with the creation of this task, \ae n Object Task to match the format of
each of our two face recognition tests, the 2-adttve forced-choice CFMT-C and the 3-

alternative forced-choice CFMT-Kids. Using thiskas a comparison allowed us to rule
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out the possibility that the CFMT-Kids was too diéfit for the participants to
understand, given that the structure of the twkstagere identical. Furthermore, this task
could be used to isolate face recognition abilitigsegressing out variance explained by
performance on this task from performance on th®ITIE, as was done in Experiment
1.
Procedure

Because we were interested in individual differsnoetween children, tasks were
completed in the same order for each child. Adtenpleting the consent process,
children first completed tasks that required egeking as children needed to sit
relatively still (which is easier at the beginnioigan experiment than at the end).
Therefore, they completed the CFMT-C followed by @FMT-K, both of which
collected eye-tracking data based on the same AGikiated in Experiment 1 (with the
addition of the neck region for the CFMT-C). Thehildren completed the Part-Whole
Tasks to examine configural processing, beginniith the PW-Adult and followed by
the PW-Kids. Finally, children completed the Objesk. Children were allowed to
take a break between tasks if needed.

Results

For all tasks, accuracy scores were calculatedbgtidg the number of correct
responses by the number of total trials and aregmted as a proportion of correct trials.
All significance tests are two-tailed with a crétig-value of 0.05 unless otherwise

indicated.
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Face Recognition Tasks
Cambridge Face Memory Task — Children (CFMT-C)

As a measure of face recognition skill, each cimtduded in the sample
completed the CFMT-C (Duchaine et al., 2006). Pwevstudies in the Yonas Lab have
found reasonable test-retest reliability for tlaskt [r = 0.69]. Scores were calculated as a
portion correct out of 60 trials (number correatidied by 60). As this is a 2-alternative
forced-choice task, chance performance equals Ev@n with a much larger sample
(n=85), performance on this test was very simiahe findings from Experiment 1 [M =
0.72, SD = 0.09].

Cambridge Face Memory Task — Kids (CFMT-Kids)

As stated above, recently, a new version of th®ICwas created for use with
children. Thus, one goal of this proposal was talase the findings of this new measure
against the already popular CFMT-C. Thereforehedld who completed this task (n =
83; 2 children were excluded for equipment failu@) given a score calculated as a
proportion correct out of 72 trials (number corréisided by 72). As this is a 3-
alternative forced-choice task, chance performaoeels 0.33. On average, children
received a score of .63 [SD = 0.13].

Test Comparison: Face Recognition

As one goal of this Experiment was to establishvidality of the CFMT—Kids,
we calculated a correlation between performanciese two tasks and found that
performance on the CFMT-Kids significantly correldtwith performance on the CFMT-

C [r = .528, p < 0.001].
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1.004

CFMT-Kids

Figure 11. Correlation between CFMT-C and CFMT-K&tores
Configural Face Processing Tasks
Part-Whole Task — Adults (PW-Adult)

As indicated above, this particular version of BHaet-Whole Task has not been
used with children. Thus, we were interested endfiicacy of using this particular task
with children and if performance would be differéetween this task and the frequently
used PW-Kids task (Wolf et al., 2008).

Using the Part-Whole Task, adults reliably showhale trial advantage, with a
higher proportion of correct responses on triakhhe whole face present than trials
showing a single feature in isolation, suggestivag adults process faces holistically
(DeGutis et al., 2012). To examine these effectthildren, an accuracy score was

calculated for each type of trial, part and whotdthough children produced lower
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accuracy than is typically seen with adults [Whdle 0.67, SD = .10; Part M = 0.60,

SD = 0.08; chance performance = .50], and desgltoaeffect, children also showed a
significant whole advantage [t(82) = 5.513, p <000 These results suggest that
children, like adults, use configural informatiangrocess faces. Furthermore, the whole
advantage may have been reduced due to the flfemt, euggesting that this relationship
is rather strong.

Part-Whole Task — Kids (PW-Kids)

The PW-Kids Task showed similar results. Agaiacare was calculated for
each child that reflected the number of correaldrdivided by the number of total trials.
As this task was created and normed for childrethisfage range, accuracy scores were
much better as compared to the PW-Adult task (Whbte0.81, SD = 0.10; Part M =
0.65, SD = 0.12; chance performance = .50). LileeRW-Adult task, children once
again showed a significant whole, over part, acaga{t(84) = 11.130, p < 0.001].

Test Comparison: Configural Processing

As hypothesized, performance on the PW-Adult taghiticantly correlated with
performance on the PW-Kids task for both the patst[r = .410, p < 0.001] and the
whole trials [r = .470, p < 0.001]. These datagasj that, like the PW-Kids, the PW-
Adults task is effective for measuring configuraté processing in children. However,
given the floor effect, the use of the PW-Adult Kagth younger populations should be

cautioned.

63



Object Task

Like the CFMT-Kids, accuracy scores were calcaddite the Object Task by
dividing the number of correct responses out ofofal trials. Children achieved an
average score of 0.67 (SD = 0.14; chance perforenar33).

As indicated above, the format of this task wasiidal to the CFMT-Kids with
the exception that it used eyeglasses as stinthkerahan faces. Therefore, the purpose
of this task was to provide a way to isolate faamognition skills, taking into account
general recognition abilities. Thus, to examirergdundancy of these tasks, the
relationship between performance on the face ratiogriasks was compared with
performance on the Object Task. Importantly, penmce on the Object Task did not
correlate with performance on the CFMT-Kids [n 5 B2 .212] suggesting that these
two tasks were measuring different abilities desfiieir similar structure. However, as
in Experiment 1, this was not the case for the CFB)Df which performance
significantly correlated with performance on thegj&b Task [n =84, r=0.281, p <
0.01]. This is somewhat surprising given that@eMT-C is a 2-alternative forced-
choice task whereas the Object Task is 3-alteradtikced-choice. Given the
redundancy of these measures, further analysesixgnthe role of face recognition
skills were evaluated in two ways: 1. As a promortdf correct trials on the CFMT (as
would typically be done in the face recognitioeféture), and 2. As a score calculated by
regressing the performance on the Object Task failecscore on the face recognition
task (Wilmer, Garrido, & Herzmann, 2012). As in Exjment 1, the goal of the latter is

to provide a score that isolates face recognithality by removing variance explained
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by factors directly related to the task instructi@md factors related to general object
recognition ability, rather than face-specific rgottion ability. The number resulting
from this calculation will henceforth be referredas the Residual Face Recognition
Score.
Selection of Data for Planned Comparisons

The number of tasks included in this study combnvél the number of AOIs from
each of the eye-tracking tasks allows for an extensumber of comparisons to be made.
Therefore, to limit the need of a massive correcfar-multiple comparisons and to limit
the scope of this thesis, planned comparisons é&tas the following:

1. Face Recognition: As a measure of face recogniti@gecided to focus analyses
on the CFMT-C as this measure has been used imhenof previous studies in
the Yonas Lab and in other labs. Furthermore, weaddhat this test has a rather
impressive test-retest reliability [r=0.69], whesdhe test-retest reliability of the
CFMT-Kids is yet unknown. Although we expect thatiavestigation of the
CFMT-Kids will be fruitful in the future, this taskas never before been run with
kids and we, therefore, are more confident abatehability of the CFMT-C.

2. Configural Processing: Likewise, as a measure ofigoral processing, we
decided to focus analyses on the PW-Kids as thasaore has been used in a
number of previous studies in other labs and hesdéa floor effect in this
sample. Therefore, we are more confident aboutdlebility of the PW-Kids as

compared to the PW-Adult, which has never befoenhesed with children.
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Regardless, we hope that the PW-Adult data willseful in the future,
especially as a comparison with adult data.

3. Eye Tracking: Eye-tracking data was collected fitbenfollowing AOIs: eyes,
forehead, cheeks, eyebrows, nose, mouth, chinfecki for the CFMT-C; the
CFMT-Kids faces did not have a neck region). Trevjus literature and the
data collected in Experiment 1 suggest that theregi®n may be important for
successful face recognition. In addition, previlgsature emphasizes the
distinction between the core features and the moe-features in face
recognition. Therefore, in our planned comparisaresexamined the role of the
eyes, the core features together (eyes, nose, aathjnand the external features
together (forehead, cheeks, chin, and neck) wihilpothesis that the eyes and
core features would positively correlate with faeeognition skill and possibly
configural processing. Furthermore, we hypothebsthat attention to the
external features would negatively correlate wibef recognition skill. All other
non-planned analyses included a bonferonni comedtr multiple-comparisons.

Therefore, in the following analyses, children resktb complete, at minimum, the
CFMT-C, complete with eye tracking data, and the-RM&. Complete eye-tracking data
was defined as at least 60% tracking (3 out ofcasés) on at least 66% of the learning
trials from which data were collected. For the CF/ITthis meant that children needed a
minimum of 3 seconds (per trial) of tracking ondf@he 15 learning trials in order to be

included. As indicated above, only two childrerrevexcluded for limited eye tracking.
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Furthermore, analyses focused on assessing edled oéntral hypotheses for this
study. Mainly, 1) that face recognition skill wdworrelate with attention to the eye
region or inner (eyes, nose, mouth, and eyebrosatlfes of the face and possibly
negatively correlate with attention to the outexttees of the face, 2) that face
recognition skill would correlate with configuralde processing and 3) that configural
face processing would correlate with attentiorh®eye region or core/inner regions of
the face.

Eye Tracking

Before analyzing how eye tracking performanceeadates with face recognition
and configural processing, we first wanted to eadihe amount of time that
participants allocated to each area of the faceduhe learning trials in the face
recognition task. As we were interested what imi@tion children used when learning to
recognize a face, the data below summarizes theiatnod time that children attended to
each AOI as measured by raw looking times in sesdRidjure 12) and the proportion of
total looking as measured in fixations and duratiblooking time to each area of the
face (Figure 13). Fixations to each area are ket as the number of fixations to a
region, divided by the total number of fixatiorBuration of looking time to each area is
calculated as the amount of looking time to an A@¢asured in seconds), divided by the

total looking time on a given trial.
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Figure 12. Average Looking Time to each AOI on @&MT-C in Experiment 2. Children were presented

with 15, 5 second trials for a total of 75 secoofipossible looking time.
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Figure 13. Proportion of Looking as measured by#dns and Duration on the CFMT-C in Experiment 2.

As can be seen in Figures 12 and 13, children éembie majority of their
attention to the eye region, followed by the n@sebrows, and mouth. Interestingly,

these data replicate the findings of Experimentdnehough a different task was used to
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collect eye-tracking data (CFMT-C from Experimente2sus the Eye Tracker Task from
Experiment 1).

Planned Comparisons: Testing of Hypotheses

Hypothesis 1

Children with higher face recognition scores will spend more time and have
more fixations on the eye region or inner regions of the face during face recognition
tasks. Furthermore, attention to outer areas of the face such as the forehead and chin
will negatively correlate with face recognition skill.

The literature supports the notion that the inner regions of the face, namely
the eyes, nose, and mouth (and perhaps eyebrows), with specific focus on the eyes,
are important for successful face recognition. Therefore, we completed the
following analyses to investigate these relationships.

First, we analyzed the correlation between attention to the eye region of the
face and face recognition skill as measured by the CFMT-C. The relationship
between the CFMT-C score and the raw looking time (measured in seconds)
was significantly correlated [r = 0.224, p<0.05]. The scatterplot representing
this relationship is presented in Figure 14. However, attention to the eye region did
not correlate with face recognition score when measured as a proportion of
fixations [r = 0.123] or proportion of duration of looking time [r = 0.138]. Similarly,
we calculated a Residual Face Recognition Score by regressing performance on the
Object Task out of performance on the CFMT-C in order to remove variance

explained by general object recognition ability and ability to follow task
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instructions. In this case, attention to the eye region did not correlate with the
residual face recognition score when measured by raw looking time [r =.173],
proportion of fixations [r =.113], or proportion of duration of looking time [r =

122].
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Figure 14. Correlation between Attention to the £gad CFMT-C Score in Experiment 2

Furthermore, we compared attention to the eyes in the highest and lowest
performers on the CFMT-C when divided into quartiles. Similarly, comparisons
between the two groups were not significant when measured by proportion of
fixations [t(40) = 1.049], or proportion of duration of looking time [t(40) = 1.092].
However, when measured in raw seconds of looking time to the eye region, the

difference between the two groups was marginally significant [t(40) = 1.738,
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p=0.09] with the high performers spending an average of 27.5 seconds on the eyes
and the low performers spending only 21.8 seconds on the eyes.

In addition, we asked whether those with higher face recognition scores
attended to the inner, core, regions of the face more than those with lower face
recognition scores. Based on the previous literature and the looking time data from
Experiments 1 and 2, we considered the “core” region to be the eyes, eyebrows,
nose, and mouth. For each participant, we calculated the total number of seconds
devoted to the inner region, the proportion of fixations to the inner region, and the
proportion of duration of looking time to the inner region. However, none of these
correlations were significant: raw looking time [r=0.096], fixations [r=0.068], and
duration [r=0.094]. This remained true when correlated with the residual face
recognition score: raw looking time [r = 0.094], fixations [r = 0.064], and duration [r
= 0.101]. Similarly, a comparison of the highest and lowest performing quartiles on
the CFMT-C yielded no significant differences in attention to the inner features for
all three measures: raw looking time [t(40) = 0.516], proportion of fixations [t(40) =
0.420], and proportion of duration of looking time [t(40) = 0.713].

Finally, based on the data from Experiment 1, we hypothesized that attention
to the extraneous outer regions of the face might hinder face recognition ability.
More specifically, based on the data from Experiment 1, we predicted that attention
to the chin and forehead might negatively correlate with face recognition score. In
addition, although the Eye Tracker Task from Experiment 1 did not include a neck
region, we included the neck in the “outer” region as we believed this area would
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provide little useful information for the identification of a face. Although attention
to the outer features consistently showed a negative correlation with CFMT-C score,
these correlations were not significant: raw looking time [r = -0.050], proportion of
fixations [r = -0.063], and proportion of duration of looking time [r = -0.059]. Again,
this remained true when the outer region was correlated with Residual Face
Recognition Score: raw looking time [r = -0.047], proportion of fixations [r = -0.062],
and proportion of duration of looking time [r = -0.059]. Likewise, comparisons of
attention to the outer regions of the face between the highest and lowest quartiles
(based on CFMT-C) were also not significant: raw looking time [t(40) = 0.007],
percentage of fixations [t(40) = 0.106], and percentage of duration of looking time
[t(40) =-0.036].

In sum, the only planned comparison that yielded a significant p-value when
evaluating the relationship between attention to local regions of the face and the
CFMT-C was the measure of raw looking time toward the eyes. However, it is
possible that it is not more attention to the eyes, per se, that is important for
successful face recognition but rather more looking time to the face overall.
However, this hypothesis is tempered by the fact that total looking time to the face,
measured in seconds, did not significantly correlate with CFMT-C score [r = 0.047].
Therefore, the significant relationship between looking time and face recognition
score seems to be specific to the eye region.

In addition to these planned comparisons, it is useful to examine which areas
of the face independently correlate with face recognition score. This however,

72



requires a bonferroni correction for multiple comparisons (critical p-value = 0.006).
With this correction, raw looking times (seconds) yielded significant correlations for
the forehead [r =-0.306, p < 0.006] and neck [r =-0.353, p < 0.006]. The chin [r=-
0.198] and eyes [r = 0.224] were significant at the p < 0.05 level. These data support
the findings from Experiment 1 that the eyes positively correlated with face
recognition and the forehead and chin negatively correlated with face recognition.
In other words, it the significant positive correlation for the eye region, along with
negative correlations for the forehead and neck support the hypothesis that the eyes
are particularly important for face recognition whereas attention to the more
extraneous parts of the face may interfere with successful face recognition.
Hypothesis 2

Children who show a greater degree of configural processing of faces, as
measured by the Part-Whole - Kids task, will have higher face recognition scores on
the CFMT-C.

As indicated previously, global processing on the Part-Whole task is typically
measured as the difference between performance on whole and part trials.
However, as indicated by Wilmer, Garrido, & Herzmann (2012) the data may be
better represented by using a regression method to statistically remove the variance
explained by the part trials from the whole trials. Doing so provides a direct
measure of configural processing. Therefore, like DeGutis et al. (2013), we used
both a subtraction and regression method to evaluate configural processing, for
comparison purposes. Similarly, as in Experiment 1 and Hypothesis 1 of
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Experiment 2, we used the same method with the CFMT-C and Object Task in order
to isolate recognition performance specific to faces.

As predicted by DeGutis et al. (2013) and Wilmer et al. (2012), the
subtraction method (whole trial performance minus part trial performance) was not
sensitive enough to uncover a relationship between configural processing (PW-
Kids) and face recognition score [r =-0.123]. However, as seen in Figure 15, when
using the recommended regression method, CFMT-C scores positively correlated
with configural processing [r = 0.404, p<0.001]. This relationship remained when
correlating the Residual Face Recognition Score with the Residual Part-Whole Task
Score [r=0.338, p < 0.01]. These results suggest that those who utilize configural
information while learning a face are better able to recognize faces than those who
do not. It also supports the use of the regression method in isolating an advantage
for whole trials in the PW-Kids Task and face-specific recognition ability in the

CFMT-C.
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Hypothesis 3

Children who show a greater degree of global processing of faces will show
more fixations to the eye region on eye tracking tasks.

Finally, we wanted to examine the individual contributions of attention to the
eye region and configural processing. It is possible that particular areas of the face
may provide more configural information than other areas. More specifically, it is
possible that the eye region is important for the calculation of relational information
between features, relative to other features, especially for Caucasian Westerners

(Blais et al., 2008). Therefore, the eye region may have more diagnostic value in

75



identifying a face when using configural information. To evaluate this hypothesis
we examined the relationship between attention to the eyes on the CFMT-C and
configural processing. Again, to obtain a measure of configural processing, a score
was calculated for each child by isolating the variance explained by the whole trials
after regressing out the part trials, their Residual PW-Kids Scores. Thus, their score
reflected the residual left after removing all part-trial variance.

Again, as predicted by Wilmer et al. (2012), a subtraction method for
isolating configural processing was not sensitive enough to detect a relationship
between configural processing and attention to the eye region: raw looking time [r =
0.021], proportion of fixations [r = 0.059], and proportion of duration of looking
time [r =-0.004]. However, the Residual PW-Kids score, using the regression
method, was significantly correlated with attention to the eyes on the CFMT-C as
measured by raw looking time (in seconds) [r = 0.239, p<0.05], but not as measured
by percentage of fixations [r = 0.168] or percentage of duration of looking time [r =
0.163]. Again, it is reasonable to believe that children who demonstrate a greater
degree of configural processing are likely to look at the face longer overall, thus
resulting in longer looking times toward the eyes as well. However, this hypothesis
is tempered by the lack of correlation between the Residual PW-Kids Score and the
total duration of attention to the face [r = 0.001]. Therefore, it seems likely that
longer duration of looking to the eye region of the face specifically is indeed

associated with a greater degree of configural processing.

76



Furthermore, we were interested in the individual contributions of attention
to the eye region and configural processing. To assess this relationship, multiple
regression was used to test if configural (PW-Kids) and feature-based (attention to
the eyes) processing predicted CFMT-C scores. The results of the regression
indicated the two predictors significantly predicted face recognition score [R? =
0.18, F(2,82) =9.02, p < 0.001]. More specifically, it was found that configural
processing, as measured by the PW-Kids task, significantly predicted face
recognition score [B =3.61, p < 0.001], but attention to the eyes did not. The same
model was run with Residual Face Recognition Score as the dependent variable.
The model was again significant [R2 = 0.12, F(2, 81) = 5.66, p < 0.01] with configural
processing significantly predicting face recognition score [B = 0.315, p < 0.01], but
not attention to the eyes.

Discussion

Experiment 2 posed three hypotheses that togextaeniaed the relationship
between face recognition skill, configural procegspf faces, and attention to individual
areas of the face. These hypotheses were forndutatsed on two themes in the
literature regarding what information is used focsessful face recognition—namely,
attention to the eye region and attention to caméijproperties of the face.

First, we hypothesized that attention to the eggoreand core features of the
face would positively correlate with face recogmitiskills while attention to the more
extraneous outer features of the face would negjgtorrelate with face recognition

skill. Attention to the eye region did indeed &bate with face recognition, albeit only

77



when measured in raw looking time (seconds) réatieer percentages of fixation or
duration of looking. Therefore, it is likely tha} this relationship is rather weak and 2)
converting looking times to a percentage removedesmformative variance in looking
behavior between children, and examining raw logkime may be a better indicator of
how attention to various regions of the face infices face recognition. Furthermore,
although an examination of attention to the inmentbined eyes, eyebrows, mouth, and
nose) and outer (combined forehead, chin, and rfeak)res did not correlate with face
recognition skill, analyses of individual areaslgezl a few interesting findings.
Correcting for multiple comparisons, attention tdhothe forehead and neck yielded a
significant negative correlation with face recogmtscore. Together, these results
suggest that the eye region may be particularlyonmamt for successful face recognition.
Furthermore, greater attention to particular otgatures of the face, such as the forehead
and neck regions, may actually hinder face recagndbility. These results support the
data from Experiment 1 and the general theorytti@eye region is important for
successful face recognition. On the other haresdltata do not support the findings
from (Yang et al., 2012), who found that attentiorthe eye region negatively correlated
with face recognition skill. However, their dataswcollected with a Chinese population
and may not reflect the same attentional procassas in Western Caucasian
populations.

Second, we hypothesized that scores of configuoagssing would significantly
correlate with face recognition skill in childreithis hypothesis is important because,

until recently, this theory has been widely suppadfbut not empirically tested. Only
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recently has the relationship between configuratessing and face recognition been
demonstrated in adults via the investigation ofviatial differences (DeGutis et al.,
2013; Richler et al., 2011; Wang et al., 2012).r @ata supported these findings by
showing that regression-based scores of configuoaessing significantly correlated
with face recognition scores of children when meadiy the CFMT-C and the PW-
Kids task.

Finally, despite the rather distinct theories t@ifigural processing and attention
to particular features may influence successfut f@&cognition, we hypothesized that
local and configural information might not be muly&xclusive. This is supported by
evidence that some measures of configural proagssiem to be more affected by
particular local regions. For example, the invamseffect, typically thought to be a
measure of configural processing, is at least mhggpendent on local features,
specifically the eye region (Leder & Bruce, 200@egkr et al., 2001). Therefore, we
hypothesized that measures of configural processmgd correlate with attention to the
eye region, providing evidence that the eye regioparticular, is used in configural
processing. Indeed, we found that children whasp®re time looking at the eyes were
more likely to show a greater degree of configprakcessing as measured by the PW-
Kids task. However, when both PW-Kids scores atehtion to the eyes were entered
as predictors of face recognition score, only apnfal processing remained a significant
predictor. In other words, when controlling foriamce explained by the part-whole
task, the relationship between attention to thes eyl face recognition was no longer

significant. This suggests that there is sharehnee between attention to the eyes and
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configural processing, supporting the findingshe literature that configural processing
may be, in part, carried by the eye region of toef

In addition to these findings, Experiment 2 prodd@luable information
regarding the efficacy of each of the measures f@eglvaluating face recognition. First,
Experiment 2 replicated the findings of Experimé&mh terms of 8-year-old performance
on the CFMT-C, further validating the value of ttest. Second, we collected data on
the CFMT-Kids for the first time. The value ofslmew task was emphasized by the high
correlations between performance on the CFMT-CthadCFMT-Kids, validating the
task for future work with children of this age gpuFurthermore, the CFMT-Kids data
was not influenced by a ceiling or floor effecthug, this task may be very useful in the
future for validating face recognition skills indiwidual children with possible face
recognition impairment. Third, although the PW-Kdask produced a fairly substantial
floor effect in this age group, this floor effecasvnot enough to abolish a significant
whole, over part, advantage and performance omibkasure significantly correlated
with performance on the better established PW-Killsus, although it is possibly not as
effective as the PW-Kids task, which is influentgdess of a floor effect and more
child-friendly, the PW-Adult task is still effecevfor examining configural processing in
children. Finally, Experiment 2 provided data oe 8ialternative forced-choice version
of the Object Task. With no ceiling or floor effemnd a nice distribution of scores, this
task will be useful as a comparison with the 3raliéive forced-choice CFMT-Kids

Task.
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In sum, the findings of this study are importanthat they, for the first time,
directly examine how global information and the eggion of the face are related to the
ability to identify faces in children. Understandihow these individual differences
between typically developing children are relatedace recognition is important to the
field in several ways. First of all, it informsmounderstanding of the process by which
children are able to recognize faces and the irdtion that is most essential for this
process. Second, it provides an opportunity taaiealhe aspects of face recognition that
may be impaired in cases of children who experietifieulty with face recognition. By
isolating these variables, we may be able to ssfastrain adaptive face recognition
strategies by encouraging children to attend ta¢levant features of the face.

CHAPTER 4: Experiment 3
Introduction

In an effort to replicate the findings of Experimh@n Experiment 3 again
measured face recognition skill, with eye trackiagg configural face processing in a
group of children. The Experiment 2 sample mayhave provided enough of a
polarized group to detect subtle relationships betwconfigural processing, attention to
local features, and face recognition in childr&ven with a sample of 85 children and a
clear range of face recognition scores as in Erpat 2, it is possible that a more
polarized range of face recognition abilities wofulther elucidate the differences
between successful face recognizers and poor éognizers. To maximize our ability
to detect individual differences on these tasksprmeeselected children from a list of

those who had already participated in studies maiuand chose children based on their
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unusually high or unusually low CFMT-C scores, hedfath referred to alsigh
performersandlow performers This allowed us to compare the two groups (high
performers and low performers) in order to repkdadings from Experiments 1 and 2
using a wider age range and wider range of facegration abilities.

The goals and hypotheses of Experiment 3 werdiagmo that of Experiment 2
(see Table 1). However, we added one additionabtmgsis. To date, there has been
very little investigation of the social effectsfate recognition skill. Only two studies
have been published examining the hypothesis #uat fecognition abilities affect social
development. The first is a study examining thead@onsequences of DP in adults. In
this study, adults with DP completed a semi-stngztunterview asking about their life
experiences and how their face recognition impantnaéfected their daily interactions
with others (Yardley et al., 2008). They reportigiculties in social relationships that
lead to chronic anxiety, embarrassment, and g@iltnilarly, Diaz (2008) published a
description of the social consequences of DP ingleschild who reported difficulty in
social relationships and concerns about safetyngmther things. The paucity of
research on this topic is surprising considerirag th widely believed that prosopagnosia
has a profound affect on the development of satidls. Therefore, to evaluate the
relationship between social skills and face recigmj a selection of parents and children
completed a loneliness questionnaire with the Hyggs that children with lower face
recognition scores would exhibit a greater degfderneliness than children with higher

face recognition scores.
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Method

Participants

To select participants for this experiment, weeManited by the population of
children from whom we had already collected CFMTdZa in the lab. In other words,
we recruited from a list of children who had alre@articipated in our face recognition
research. However, we wanted to collect as much ampossible to ensure a large
enough sample size. Thus, to maximize the numiercouited high and low
performers, we created a list of each cohort thdtparticipated in face recognition
research in the lab. From each list, we sorteldli@n based on their CFMT-C score at
their first testing in the lab and recruited froack age group, beginning with the top and
bottom of each list, in order to obtain the modapred samples possible. Then,
selected and willing children returned to the labtésting. In addition to the exclusion
criteria used in Experiment 2 (minimum of CFMT-@sg, with eye tracking data, and
PW-Kids), children were excluded from analysestfar reasons: 1. If a child showed
inconsistent performance on the CFMT-C for thei ggoup, between the two testing
sessions, they were excluded from the sample. We prémarily interested in the
difference in looking behavior between high and fmevforming children. Thus, if their
initial score was high but their subsequent scaas @ither mediocre or low for their age
group, they were excluded. Likewise, if their iaitscore was low but their subsequent
score was either mediocre or high for their ageigythey were excluded. However, if
they received relatively consistent scores acressigns, they were included. 2. To

ensure that age would not be a factor in the arsaly& recruited an aged-matched
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sample, with one high performer for every low pearfer from each age group.
Therefore, to be included, children needed to levage-matched counterpart. Children
without an age-matched counter-part, after othelusions, were excluded.

The final sample included 30 children (18 fematishe following age groups: 8-
year-olds (n = 8, M = 8;6, range = 8;4—38;11), 9+yelds (n = 10, M = 9;3, range = 9;0
—9;5), 10-year-olds (n = 8, M = 10,6, range = 10;8);8), and 13-year-olds (n=4, M =
13;6, range = 13;1 — 13;11). As in Experiment 2ldcen needed to have completed, at
minimum, the CFMT-C with sufficient tracking datacathe PW-Kids task in order to be
included in the sample. Eight additional childveere excluded from the sample for the
following reasons: equipment failure (5), experiteererror (2), and insufficient eye
tracking data (1). Furthermore, as indicated als@wen children were excluded for
inconsistent CFMT-C scores (6) and lack of an agéched control after all other
exclusions (1).

Apparatusand Stimuli

The apparatus and stimuli from Experiment 3 wdemiical to that of Experiment
2.

Procedure

The procedure from Experiment 3 was identicahti bf Experiment 2 with one
exception. A subset of participants and their p&rén = 25) completed theneliness
and Social Dissatisfaction Questionna{sze Appendix 2; Asher, Hymel, & Renshaw,
1984). The purpose of this questionnaire was tainla measure of social functioning as

related to loneliness in children. By collectihgstinformation, we were able to compare
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scores between the high and low performing childoased in their CFMT-C score, and
thus determine if the degree of loneliness expeedrby children was related to their
face recognition skill. Parents and children Haeldption of either completing this
survey in the lab or online from home after papiading in the lab. Children filled out the
original version of the questionnaire and pareotaleted a modified version of the
same questions (see Appendix 2).

Results

For all tasks, accuracy scores were calculated\bgtidg the number of correct
responses by the number of total trials and aregmted as a proportion of correct trials.
All significance tests are two-tailed with a crétig-value of 0.05 unless otherwise
indicated.

Face Recognition Tasks
Cambridge Face Memory Task — Children (CFMT-C)

As a measure of face recognition skill, each cimtduded in the sample
completed the CFMT-C (Duchaine et al., 2006). Pwevstudies in the Yonas Lab have
found reasonable test-retest reliability for tlaskt [r = 0.69]. To further validate this
finding, test-retest reliability was again calceltwith the present sample before
excluding children based on their CFMT-C consisyenthe correlation between the
initial scores on the CFMT-C and the scores cad@édor Experiment 3 replicated the
previous findings from this lab [r = 0.72]. Thgsparticularly encouraging given that,
with several different cohorts of children, a vateaamount of time had passed between

testing sessions for each group of children, sugggethat this measure is relatively
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stable across age. However, it is possible th&TGE scores are more consistent in
children with particularly extreme scores, thugliag to the rather high test-retest
reliability.

Means and standard deviations for initial and gme€FMT-C scores are
presented in Table 4. Given that children weregalected based on their CFMT-C
score, we expected a significant difference betwegim and low performers in these
measures. Overall, CFMT-C scores significantlyetd#fl between high and low
performers both when comparing their initial scjo¢28) = 11.536, p < 0.001] and when

comparing their present scores [t(28) = 8.458,0001].

Initial CFMT-C Score Present CFMT-C Score
High Performers M =0.89,SD = 0.05 M =0.91,SD=0.05
Low Performers M=0.62,SD=0.02 M =0.69,SD =0.09

Table 4. CFMT-C Scores for High and Low Perform&wmores represent their initial CFMT-C and their

score during the present experiment.

Cambridge Face Memory Task — Kids (CFMT-Kids)

As stated in Experiment 2, one goal of this prapess to validate the findings
of CFMT-Kids against the already popular CFMT-Cs iA Experiment 2, performance
on the CFMT-Kids significantly correlated with penfnance on the CFMT-C [r = 0.818,
p < 0.001]. A scatterplot representing the corretabetween CFMT-C scores and
CFMT-Kids scores is presented in Figure 16. Furttoee, for each child who completed
this task (n = 29; 1 child was excluded for equiptrfailure) we compared scores
between the high and low performers (based on GieMT-C scores). Overall, high

performers [M = 0.82, SD = 0.11] produced signifitte higher CFMT-Kids scores than
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low performers [M = .54, SD = 0.14], suggestingt ttese two tests are likely measuring

the same qualities of face recognition [t(27) =958 < 0.001].

1.00 o

CFMT-Kids

CFMT-C

Figure 16. Correlation between CFMT-C and CFMT-K&t®res in Experiment 3.
Object Recognition
As indicated in Experiment 2, the format of tlask was similar to the CFMT-C
with the exception that it used eyeglasses as Btrather than faces. Because we were
mainly interested in children’s face recognitionliibs, we wanted to confirm that low
scores on the CFMT-C were reflective of impaireckfeecognition rather than impaired
object recognition more generally. Thus, we exa&uithe object recognition abilities of

both high and low performers.
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Performance on the object task significantly détebetween high [M = 0.82, SD
= 0.07] and low performers [M = 0.69, SD = 0.11ithahigh performers exhibiting
significantly better object recognition scores thiagir low-performing counterparts
[t(28) = 3.63, p < 0.001]. Likewise, CFMT-C scosegnificantly correlated with Object
Task scores [r =0.429, p < 0.05].

Given the redundancy of these measures, furtr@ysas examining the role of
face recognition skills were evaluated in two wagsn Experiment 2: 1. As a proportion
of correct trials on the CFMT (as would typically Bone in the face recognition
literature), and 2. As a score calculated by resyngsthe performance on the Object Task
out of the score on the face recognition task (WinGarrido, & Herzmann, 2012). As in
Experiments 1 and 2, the goal of the latter isravigle a score that isolates face
recognition ability by removing variance explaingdfactors directly related to the task
instructions and factors related to general obgobgnition ability, rather than face-
specific recognition ability. This score is hera#l referred to as thResidual Face
Recognition score
Selection of Data for Planned Comparisons

The number of tasks included in this study combnvéd the number of AOIs from
each of the eye-tracking tasks allows for an extensumber of comparisons to be made.
Therefore, to limit the need of a large correctiormultiple comparisons and to limit
the scope of this thesis, we evaluated the dataBsperiment 2. In other words, we
conducted planned comparisons that focused on BMTEC, along with the

corresponding eye-tracking data, the PW-Kids.
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Furthermore, analyses focused on assessing edled oéntral hypotheses for this
study. Mainly, 1) that face recognition skill wdube predicted by attention to the eye
region or inner (eyes, nose, mouth, and eyebrosatlfes of the face, 2) that face
recognition skill would be predicted by configufate processing and 3) that configural
face processing would be predicted by attentiathéceye region or core/inner regions of
the face.

Planned Comparisons: Testing of Hypotheses
Hypothesis 1

Children with higher face recognition scores will spend more time and have
more fixations on the eye region or inner regions of the face during face recognition
tasks. Conversely, children with lower face recognition skills will devote more
attention to outer areas of the face such as the forehead and chin.

To examine the relationship between face recognition skill and attention to
the eye region, we first analyzed the correlation between attention to the eye region
of the face and face recognition skill as measured by the CFMT-C. Interestingly, the
relationship between the CFMT-C score and both the raw looking time [r=0.617, p
< 0.001; see Figure 17] and proportion of duration of looking time [r = 0.59, p <
0.01] were significantly correlated. Only when measured as a proportion of
fixations did attention to the eye region not correlate with face recognition score [r
= 0.166]. However, once again, it is possible that those who looked longer at the eye
region simply looked longer at the face in general, thus explaining their better face

recognition ability. However, this alternative explanation was again tempered by
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the fact that the amount of time spent looking at the face, overall, did not correlate

with the CFMT-C score [r = 0.335].
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Figure 17. Correlation between CFMT-C Scores aridriion to the Eye Region in Experiment 3.

Similarly, we calculated a Residual Face Recognition Score by regressing
performance on the Object Task out of performance on the CFMT-C in order to
remove variance explained by general object recognition ability and ability to follow
task instructions. The relationship between Residual Face Recognition score and
both the raw looking time [r = 0.581, p < 0.001] and proportion of duration of
looking time [r = 0.550, p < 0.01] were significantly correlated. Again, attention to
the eye region did not correlate with the Residual Face Recognition score when

measured as a proportion of fixations [r = 0.135].
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Furthermore, similar to the quartile comparisons from Experiment 2, we
directly compared attention to the eyes between the high and low performers based
on their CFMT-C score. Once again, although there were no differences between
groups when measured as a proportion of fixations to the eyes [t(28) = 1.629], both
raw looking times [t(28) = 3.369, p < 0.001] and proportion of duration of looking
time [t(28) = 3.566, p < 0.001] were significantly different between groups.

According to our hypotheses, we also asked whether those with higher face
recognition scores attended to the inner, core, regions of the face more than those
with lower face recognition scores. As in Experiment 2, we considered the “core”
region to be the eyes, eyebrows, nose, and mouth. For each participant, we
calculated the total number of seconds devoted to the inner region, the proportion
of fixations to the inner region, and the proportion of duration of looking time to the
inner region. Similar to the eye region analysis, CFMT-C scores significantly
correlated with attention to the inner region when measured in raw looking time [r
=0.621, p < 0.001] and proportion of duration of looking [r = 0.611, p < 0.001] but
not proportion of fixations [r = -0.064]. These relationships remained even after
regressing out variance explained by object recognition through an examination of
Residual Face Recognition scores: raw looking time [r = 0.543, p < 0.01], proportion
of fixations [r = 0.611, ns], and proportion of duration of looking [r = 0.502, p <
0.01].

Likewise, a comparison between the high performers and low performers
yielded similar findings with high performers attending to the inner features of the
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face more than low performers when measured in raw looking time [t(28) = 2.712, p
< 0.05] and proportion of duration of looking [t(28) = 3.445, p < 0.01], but not
proportion of fixations [t(28) = 0.538].

Finally, we hypothesized that low performers would attend to the outer
(chin, forehead, and neck) regions of the face more than high performers. This
hypothesis was supported by examining the correlation between the CFMT-C and
attention to the outer region with significant correlations for raw looking times [r =
-0.496, p < 0.01] and the proportion of duration of looking [r =-0.579, p < 0.001],
but not proportion of fixations [r = -0.099]. These relationships remained when
examining the correlation between Residual Face Recognition scores and attention
to the outer region: raw looking times [r = -0.528, p < 0.01], proportion of fixations
[r =-0.101, ns], and proportion of duration of looking [r = -0.605, p < 0.001].

Likewise, we compared performance between the high and low performers
with the hypothesis that the low performers would attend more to the outer
features than high performers. Once again, this hypothesis was supported when
measured in raw looking time [t(28) = -2.254, p < 0.05] and proportion of duration
of looking [t(28) =-2.510, p < 0.05], but not proportion of fixations [t(28) =-0.793].

In sum, all of the planned comparisons examining the relationship between
attention to local regions of the face and face recognition skills were significant
when measured by raw looking times and the proportion of duration of looking.
However, none of the examinations of proportion of fixations were significant. This
is further discussed in the discussion of this section.

92



In addition to these planned comparisons, it is useful to examine which areas
of the face independently correlate with face recognition score. This however,
requires a bonferroni correction for multiple comparisons (critical p-value = 0.006).
With this correction, raw looking times (seconds) yielded significant correlations for
only the eye region [r=0.617, p < 0.001]. All correlations and p-values are

presented in Table 5.

Chin Forehead | Cheeks | Eyes Eyebrows | Mouth | Neck | Nose

r -383 | -.346 -.449 .617 .030 -.149 -433 | -.068

p .036 061 .013 .000 .875 433 .017 719

Table 5. Correlations between CFMT-C Score and é&zhin Experiment 3. Attention to the eyes was

measured by raw looking time in seconds. Criteahlue = 0.006.

Attention to different areas of the face were also examined by comparing the
high and low performing children. Raw looking times to each area, for each group,
are presented in Figure 18. A bonferroni correction was made for multiple-
comparisons, resulting in a critical p-value of 0.006. In this case, only eye region
[t(28) = 3.369, p < 0.006] and the cheek regions [t(28) = -2.973, p < 0.006] yielded
significant differences between groups with high performers spending more time on
the eye region and less time on the cheek region than low performers. All other

comparisons were not significant with the corrected p-value.
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Figure 18. Raw Looking Times (in seconds) for eA€H for High and Low Performers.

Finally, to visualize the looking patterns of eagje group, Figure 19 shows a
heat map highlighting the areas most attendedrtedoh group. Red areas indicate
regions in which children devoted the most attentfollowed by yellow and green.
These maps demonstrate that the high performiridrehi attended more to the core,
inner, regions of the face, especially the eyegredss the low performers looking
patterns were more variable with a much greateregegf attention to the non-core

regions of the face relative to their age-matchmehterparts.
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Figure 19. Heat Map of Looking Behavior for Highddrow Performers on the CFMT-C.

Hypothesis 2

Children who show a greater degree of configural processing of faces, as
measured by the Part-Whole - Kids task, will have higher face recognition scores on
the CFMT-C.

The means for high and low performers in the PW-Kids task are presented in
Figure 20. To compare groups, a 2 (group: high performers and low performers) x 2
(trial type: part trials versus low trials) mixed ANOVA was conducted with trial type
as the between-subjects factor and PW-Kid accuracy scores as the dependent
variable. There was a significant main effect of both group [F (1, 28) = 30.318, p <
0.001] and trial type [F (1, 28) = 28.184, p < 0.001], but no interaction. As can be
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seen in Figure 20, both high and low performers produced a significant whole
advantage, with high performers obtaining higher accuracy scores than low

performers.
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Figure 20. Accuracy scores of high and low perfaswn the PW-Kids task.

However, this analysis is akin to using subtraction scores to evaluate a whole
advantage. Thus, we also used the regression method to evaluate configural
processing. In addition, as in Experiments 1 and 2, we used the same method with
the CFMT-C and Object Task in order to isolate recognition performance specific to
faces.

As predicted by DeGutis et al. (2013) and Wilmer et al. (2012), the
subtraction method (whole trial performance minus part trial performance) was not
sensitive enough to uncover the relationship between configural processing (PW-
Kids) and face recognition score [r = 0.026]. However, when using the
recommended regression method, CFMT-C scores showed a marginally significant
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correlation with configural processing [r = 0.335, p = 0.071]. However, this
relationship did not remain when correlating the Residual Face Recognition Score
with the Residual Part-Whole Task Score [r = 0.154, ns]. The implications of this are
discussed in the discussion of this section.

In addition, we directly compared configural processing differences between
the high and low performers. When measured using the Residual Part-Whole Task
score, high performers showed greater evidence of configural processing than low
performers [t(28) = 2.434, p < 0.05].

These results suggest that those who utilize configural information while
learning a face are better able to recognize faces than those who do not. It also
supports the use of the regression method in isolating an advantage for whole trials
in the PW-Kids Task.

Hypothesis 3

Children who show a greater degree of global processing of faces will show
more fixations to the eye region on eye tracking tasks.

Although the separation of high and low performers does not directly pertain
to this hypothesis as testing of this hypothesis does not include face recognition
score, this data provides the opportunity to replicate the findings of Experiment 2.

Once again, we suspected that particular areas of the face may provide more
configural information than other areas. More specifically, it is possible that the eye
region is important for the calculation of relational information between features,
relative to other features, especially for Caucasian Westerners (Blais et al., 2008).
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Therefore, the eye region may have more diagnostic value in identifying a face when
using configural information. To evaluate this hypothesis we examined the
relationship between attention to the eyes on the CFMT-C and configural processing
as measured by the Residual Part-Whole Score.

In this case, neither the subtraction method nor the regression method
revealed a significant correlation between configural processing of faces and
attention to the eye region. Subtraction Method: raw looking time [r =-0.228],
proportion of fixations [r = -0.129], and proportion of duration of looking time [r = -
0.035]. Regression Method: raw looking time [r = -0.004], proportion of fixations [r
=-0.129], and proportion of duration of looking time [r =-0.009].

Furthermore, we were interested in the individual contributions of attention
to the eye region and configural processing. To assess this relationship, multiple
regression was used to test if configural (PW-Kids) and feature-based (attention to
the eyes) processing predicted CFMT-C scores. The results of the regression
indicated the two predictors significantly predicted face recognition score [R% =
0.494, F(2,27) =13.165, p < 0.001]. More specifically, it was found that both
configural processing, as measured by the PW-Kids task [B = 2.46, p < 0.05] and
attention to the eyes (measured in seconds) [B =4.512, p < 0.001] significantly
predicted face recognition score. The same model was run with Residual Face
Recognition Score as the dependent variable. The model was again significant [R2 =
0.362,F(2,27) =7.658, p < 0.01] with attention to the eyes significantly predicting
face recognition score [ = 3.784, p < 0.001], but not configural processing.
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Hypothesis 4

Children with low face recognition scores will experience a greater degree of
loneliness as measured by the Loneliness and Social Dissatisfaction Questionnaire (see
Appendix 2; Asher et al, 1984) than children with high face recognition score.

To assess the degree to which children with high and low face recognition
skills were able to develop and maintain social friendships, children filled out the
Loneliness and Social Dissatisfaction Questionnaire. In addition, parents completed
an adapted version of this questionnaire, answering the same questions about their
children. Scoring information for this questionnaire is included in Appendix 2.

Despite reports in the literature that children and adults with DP experience
social difficulties, the present hypothesis was not supported. For both children and
adults, questionnaire results did not correlate with CFMT-C scores or Residual Face
Recognition scores. Similarly, t-tests comparing the high and low performers on
questionnaire outcomes were not significant. The implications and alternative
explanations for this finding are included in the discussion for this section.

Discussion

The goal of Experiment 3 was to replicate the tesefl Experiment 2 with a more
polarized sample of children; those with high feeeognition scores on the CFMT-C and
those with low face recognition scores on the CFMTWe recruited children previously
tested in the lab, based on their initial face gattion score and classified them as either
high or low performers. Choosing two groups th#eced so dramatically in their face

recognition ability allowed us to maximize the pabbity of detecting differences
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between these groups in their face processinggies. Once again, analyses focused on
three hypotheses.
Hypotheses Tested

First, we hypothesized that attention to the eggoreand core features of the
face would positively correlate with face recogpmitiskills while attention to the more
extraneous outer features of the face would negjgtcorrelate with face recognition
skills. These hypotheses were supported with pagformers generally devoting more
attention to the eye region than low performerikeWwise, high performers devoted a
significantly greater amount of attention to theenfeatures (eyes, eyebrows, nose and
mouth) than their low-performing counterparts. eTow performers, on the other hand,
devoted more attention than the high performetbheémuter features of the face
(forehead, chin, and neck).

These differences, however, were only detected wieasured in raw looking
time and proportion of duration of looking timehé&y were not detected when measured
as a proportion of fixations. It is possible tHat,converting the scores to a proportion of
fixations, informative variability between childrevas reduced. Regardless, CFMT-C
scores did not significantly correlate with ovetathking time to the face, suggesting that
it is attention to the eyes specifically, rathearthooking time overall, that correlates with
better face recognition skill.

Furthermore, analyses of attention to individuabarof the face produced a few
interesting findings. Correcting for multiple comisans, both the eyes and cheeks

yielded a significant difference between the twougs of recognizers, supporting the
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hypothesis that high performers attend more tetteeregion and low performers attend
more to extraneous features—in this case, the shebBhkese results support the data
from Experiments 1 and 2 and the general theonythieaeye region is important for
successful face recognition. Once again, thesedt@hot support the findings from
Yang et al. (2012), who found that attention toelye region negatively correlated with
face recognition skill in a population of Chineskiks.

Second, we hypothesized that high performers wshiav a greater degree of
configural processing compared to low performerdy@ecently has the relationship
between configural processing and face recogniigen demonstrated in adults via the
investigation of individual differences (DeGutisatt, 2013; Richler et al., 2011; Wang et
al., 2012). The data from Experiment 3 generatipverged on the findings from
Experiment 2, with high performers showing a gredegree of configural processing
than low performers. However, when the varianqadared by the Object Task was
removed, the relationship between the CFMT-C aed™¥V/-Kids Task was reduced.
Therefore, it is possible that more general redommimechanisms, not specific to faces,
is associated with configural processing. Howegemen the significant relationship
between Residual Face Recognition Score and Reg$tduta\Whole Score of Experiment
2, which used a larger sample, we believe it isljikhat this relationship exists.

It is also possible that the Object Task does entesas an adequate control.
Once of the difficulties of face recognition resgais finding a control stimulus that is
similar to faces in terms of the way in which theisture varies within-class, but is an

object. Pairs of eye glasses were chosen bedaggéave a standard structure, but
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differ between glasses in terms of the minor stmattaspects and the individual features.
However, eye glasses are worn on the face. Thgboates the use of this stimulus as a
control. Although every control has its limitatgriuture work might use another type of
object, such as bicycles or houses as a controukis.

Third, we hypothesized that measures of configoratessing would correlate
with attention to the eye region, providing eviderigat the eye region, in particular, is
used in configural processing. Although this lielahip was significant in Experiment
2, we did not find evidence of this relationshigExrperiment 3. Again, it may be that the
subtle relationship between configural processimdjattention to the eye region was
more easily detected in Experiment 2, which usegelasample. Future work might
evaluate larger samples of high and low perfornremsder to maximize both sample
size and differences between groups. Doing so tnigither elucidate the relationship
between global and local processing.

To further evaluate the role that configural aratdee-based processing play in
face recognition, we also ran a regression to seethese factors, together, predict face
recognition skills. In this case, both predictaese significant when predicting CFMT-

C scores suggesting that they may represent twapamtient processes. However, when
using Residual Face Recognition score as the peeti@riable, variance explained by
the PW-Kids task was no longer significant. Thessilts are in contrast with
Experiment 2 and complicate the story. Given tlmggmosite results, it is likely that 1)
the control task (Object Task) may be an inadeqgeatérol task and 2) that both

configural and feature-based processing play aindigce recognition. It is also likely
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that there is some overlap between configural eatufe-based processing, with
attention to the eyes contributing to effectivefeagural processing.

Finally, we assessed social loneliness in eachl thisee if children with low face
recognition skills experienced a greater degresofal loneliness than their high
performing, age-matched, counterparts. These cosqos yielded no significant
correlations between face recognition skill andsgio@naire outcomes and no
differences between groups. This is somewhat simgrgiven the reports in the
literature that those with DP experience socididlifties (Diaz, 2008; Yardley et al.,
2008). Although, there are several possible exgtlans for the present findings. First,
the individuals described in Diaz (2008) and Yaydeal. (2008) were not chosen for
participation as part of a random sample. Rather; were pre-selected because they
experienced face recognition impairment that affé¢heir everyday life and severe
enough to be considered DP. It is possible, howehat there are many adults and
children with DP who are largely unaffected in aiabdomain and have not sought out
treatment. Likewise, the low performers descrilvethis Experiment likely did not have
as extreme of a face recognition impairment asethiescribed in Diaz (2008) and
Yardley et al. (2008). Therefore, it is possililattexamining the social skills of only
children with DP would yield significant findingsidhis measure. Finally, the social
guestionnaire was rather brief. It is possibleé tudlecting a more complete profile of
social experiences, with semi-structured interviesuld allow us to detect subtle

differences between groups in social experiences.
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Evaluation of Measures Used

In addition to these findings, Experiment 3 proddiee opportunity to evaluate
each of the measures used. First, as children pverselected for inclusion based on
their initial CFMT-C score from a previous visitevinad the opportunity to examine the
test-retest reliability of this measure. The ilielaghip between first and second CFMT-C
score was high [r=0.70], replicating our previouslings. This high degree of
consistency is impressive considering that difig@amounts of time had passed for
different cohorts of children. For example, sorhidcen were originally tested at 8
years-of-age and again tested just months laténer@hildren were 10-years-old at the
time of initial testing and later tested at 13 geaf-age. Thus, the test-retest reliability of
the CFMT-C seems to be very robust. In additibe, CFMT-C and the CFMT-Kids
scores were again significantly related to onelagtfurther validating these tasks for
future work with children of this age group.

Likewise, as in Experiment 2, the PW-Kids task mato be effective in
demonstrating a whole over part-advantage in fagegssing for these children. More
specifically, this task produced a floor effect éaly the low performers on part-trials [M
=0.68, SD = 0.12]. Regardless, this floor eff@ats not significant enough to abolish
the whole advantage for this group.

Finally, Experiment 3 again provided data on that8rnative forced-choice
version of the Object Task. With no floor effeot gither high or low performers, and a
nice distribution of scores, this task will be ugefs a comparison with the 3-alternative

forced-choice CFMT-Kids Task.
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Conclusions

In sum, the findings from Experiment 3 generallgli@ate the main conclusions
of Experiments 1 and 2—namely, that configural pesing and attention (or lack
thereof) to particular areas of the face are ptediof face recognition scores in
children. In particular, Experiment 3 providedaslevidence of differences between
high performers and low performers in attentionadous regions of the face.

CHAPTER 5: Experiment 4
Introduction
Another way to validate the hypotheses that glpbatessing of faces and attention

to the eye region of faces is limited in childreithwpoor face recognition skills is to
directly test children who have already been identias having DP. Previous studies
investigating face recognition in adults, have destiated that adults with DP often
show limited configural processing of faces (Avidsral., 2011; DeGutis et al., 2007;
DeGuitis et al., 2011; Farah et al., 1995; Palerta.£2011) and possibly insufficient
processing of the eye region of the face (Caldaeh €2005; Ramon & Rossion, 2010;
Schmalzl et al., 2008; Stephan & Caine, 2009; Xefral., 2008). Based on these
findings, and the findings from Experiments 1 thlglo8, we hypothesized that children
with DP would show less attention to the eye regioare attention to the extraneous
areas of the face, and less of a configural pratgssffect compared to their typically

developing peers.
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Method

Participants

Participants included 6 children with suspectedettgymental prosopagnosia. One
additional child was excluded from data analysesbse she failed to complete the
minimum tasks for inclusion (she only completed @&MT-C). Parents of the included
children contacted the lab with concerns abourt itt@ld’s face recognition skills. Due to
limited access to this population, any child whaswaale to participate, regardless of their
age, was included in the sample. Thus, for sontbesfe children, we did not have
adequate comparison data from age-matched typidaitgloping children but we
included their data nonetheless for illustrativegmses. Nonetheless, direct statistical
comparisons with the 8-year-old data are only cetepl for children 8-years-old and
above.
Cases

“B” is an 8-year-old male with uncomplicated meadihistory. He is of above-
average intelligence. Although he has been prowdéda diagnosis of DP from a
pediatric neuropsychologist, he has not been dsgphaith any other disorders such as
Autism. His parents contacted the lab after suspga face recognition difficulty and
have brought him in numerous times for testinghllab, B was very social and enjoyed
interacting with researchers. He showed no evig@fdifficulty recognizing objects or
facial emotion. However, his mother has suggestatite may have difficulty with age
recognition. His parents report that he may havauart with face recognition

impairment, but his parents and younger siblingndibexperience face recognition
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difficulty. Currently, B is home-schooled in pagdause of face recognition-related
anxiety at school.

“MF” is a 12-year-old female given a formal diagisosf cortical visual
impairment to explain her face recognition difficess. Her mother reports that she relies
on voices and hairstyle to recognize others. Intextdto face recognition impairment,
MF experiences difficulty with age discriminationdagender discrimination.
Furthermore, she has difficulty with navigation d@hd identification of common sounds
and scents.

“RK” is 9-year-old (chronological age) male boritwcongenital cataracts.
Institutionalized in infancy, he had his cataraetmoved around the age of 4 before
being adopted. Shortly after his adoption, it Wagermined that RK had scar tissue
remaining (from his cataract surgery), which waaaeed after arriving in the US. Thus,
RK was essentially blind until age 4. At the tiofeadoption, his developmental age was
determined to be approximately 2 years younger kighronological age due to
emotional, physical, and cognitive delays. Sinisealdoption, RK has shown a
remarkable improvement in visual capabilities wegmaining deficits documented only
via strabismus, with associated impairment in d@ettteption, and visual agnosia. In
addition, he experiences the crowding-phenomencadé@mically, he experiences severe
dyslexia and speech delay, but is keeping up wétpeers. In addition to face
recognition impairment, his parents believe thahae difficulty with emotion
recognition and gender recognition. Likewise, ke difficulty with object recognition,

especially within-class discrimination (e.g. digtinshing one car from another car).

107



Aside from the above deficits, RK has been testdthve average intelligence. After
very thorough screening, it was determined thatde&s not have an autism spectrum
disorder, despite similar characteristics as ate$yprosopagnosia. Albeit very shy, RK
is a very social child and enjoys being with othHegknows.

“WC” is an 8-year-old male with an uncomplicateddital history. His parents
began to notice a face recognition difficulty whenwas 7 years old and unable to
identify his friends at school. He tends to idigntithers by their contextual environment
(e.g. the car they arrive in). He has no diffigwitith object, gender, or age recognition
but shows some signs of an emotion recognitioncdity. In addition to face
recognition impairment, he experiences difficultyhaphonemic awareness. He was
evaluated for a possible autism spectrum disofudrthis was ruled out.

“CN” is a highly social 5-year-old female. Herrpats first suspected face
recognition difficulty when she was unable to idignher playmates at school. She had
strabismus that was corrected surgically at 3 yebage. In addition to face recognition
difficulties, CN experiences difficulty with gendand age recognition, according to her
parents. She has been evaluated for an autismasiegout both the school and a clinical
psychologist have ruled this out. However, herhmosuspects that a diagnosis of ADD
would be a good fit for her.

“OP” is a 6-year-old male with an uncomplicateddioal history. His parents
suspected that he was unable to recognize facaadtbe age of 4 years when he was
unable to recognize his teacher in preschool aitetiféo recognize his father. OP also

has difficulty with emotion recognition but has difficulty with age, gender, or object
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recognition. He has a clinical diagnosis of Asgeigibut is considered extremely high
functioning.
Apparatus, Stimuli, and Procedure

The apparatus, stimuli, and procedure from Expemnird were identical to
Experiment 2 with one exception. ML, RK, CN, and ®Wé&re all tested on the same day
with limited time constraints. Because of this, eveitted the PW-Adult task. Any
other exceptions are noted in the result sectioedah child.

Results

Face Recognition, Configural Processing, and Object Recognition

The face recognition, configural processing, abgct recognition scores for each
participant are presented in Table 6 alongsidertbans and standard deviations for each
test for 8-year-old typically developing childrenlowever, it should be noted that only B
(age 9), MF (age 12), RK (age 9), and WC (age 8pat enough to compare their scores
with the data from 8-year-old children. OP (aga®) CN (age 5) were included for
illustrative purposes; however, we did not havegadée comparison data for these age

groups.
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RK .583* 479 428* 533** | .1104 .366**
WC S516** | 44 523 .733 .209 .78
CN 583* | .354%% [ 333% | g 166 | (¢)
OP .533** | 375% 523 .666 142 .5

Table 6. Task Performance from each Participaixiperiment 4. Data is presented from typically
developing (TD) 8-year-old children from Experim@nalongside data from each child with prosopagnosi
from Experiment 4. Scores falling at least 1.5 d#d deviations below the mean for 8-year-old chitd
are indicated with an asterisk (*). Scores falllhgtandard deviations below the mean are indiocattida
double-asterisk (**). (a) B has completed this t@siny times as a result of an earlier intervensiwaly.
Since that time, his score on this task has draadatiimproved so that he is no longer falling 2bsdow
the mean for his age group. However, when he wasa8s-old, he was consistently performing 2 sowel
the mean on this task. (b) Due to limited time ¢xists, B did not complete the Object Task. Hoarev
has taken various versions of this task in previgsiss to the lab and consistently does not showlgect

recognition deficit. (¢) CN, due to inattentiven@sshe end of the study, did not complete the Eibjask.

In sum, all children except B performed at leaSt3D below the mean on the
CFMT-C. This is especially surprising for MF an# Rho are older than 8-years-old.
Given that B has completed this task many timds,nbt surprising that his score is
higher than 2 SD below the mean. When B tooktdsk as an 8-year-old, however, he
consistently performed 2 SD below the mean. Orother hand, only the two younger
children performed 1.5 or 2 SD below the mean enGRMT-K, calling into question
the efficacy of this task in the identificationafildren with prosopagnosia. This is
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further discussed in the discussion of this section

On the PW-Kids task, RK performed 1.5 SD belowrtteman on part trials. MF and
CN performed more than 2 SD below the mean ontpals. Interestingly, MF and CN
performed substantially below chance level perfaroeeon this task. It is unclear what
these children were doing to achieve this belowachgerformance. This is particularly
surprising for MF who was 12-years-old at the tioh¢esting. She gave no behavioral
indication of intentionally answering incorrectly any other test or on whole-trials.
However, there is little explanation for this perfmnce. Likewise, all three children,
RK, MF, and CN, performed at least 2 SD below tlemmon whole trials. Overall,
every child except B demonstrated a whole advantatggvever, note that, despite their
whole advantage, RK, MF, and CN all performed ré@nce levels on whole trials,
calling their “whole-advantage” into question. Mo#eresting of these data is B’s
performance on the PW-Kids Task. B demonstratiadtlg significant part advantage,
rather than whole advantage. Although we would ekff@se with DP to lack a whole
advantage—those who fail to process faces confiigwshould show no difference
between part and whole-trial performance—it is g8ipg to see a part-advantage as this
suggests that the context of the face was acthailyering his recognition ability. This
is especially surprising given that he did rathetlvwn the part trials.

Finally, of all of the children, the only childahwe suspected might show an object
recognition impairment, given their case histoneas RK. Indeed, RK showed an
object processing deficit as evidenced by the Qfjask, performing 2 SD below the

mean. This is not surprising given his historgofhgenital cataracts and limited early
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visual experience.
Eye Tracking

Data from participants were not excluded duertotéd eye tracking data because,
if children were not attending to the face, we vedriib note such exceptionalities in this
special population. Because the raw looking tim&dvere most informative from
Experiments 2 and 3, we analyzed the raw lookimgsi to each area of the face for each

child. Looking times are summarized in Table 7.

o 2 8
S | s | - g
= |2 |2 |g |5 |8 |® |3 |z
S 2 S & & |2 z = =
8 year 57.57
old TD 1.15 1.86 441 | 24.84 7.57 5.17 0.52 | 11.97 | (8.2)
children | (1.58) | (1.74) | (3.12) | (9.09) | (5.21) | (3.96) | (1.03) | (6.15)
B 0.72 3.4 6.32 26.9 4.7 2.8 0| 15.65 61.5
MF 0.5 136 | 857| 19.79| 3.38| 14.82| 0.36| 25.94| 73.12
RK 1.82 0 18.55 | 18.68 2.17| 3.06| 0.24| 8.98| 53.67
WC 0.2 0.84 | 2.88 | 11.58 | 10.67 | 0.96 0 7.18 | 34.23
CN 2.89 2.77 | 5.98 7.9 1.8 5.95 0 8.63 | 36.23
OoP 1.94 1.18 2.84 | 31.57 1.66 1.1 0 9.9 | 50.76

Table 7. Raw Looking Times on the CFMT-C for eadblA&rom each Participant.

Furthermore, for each child, we converted looKintes into z-scores in order to
examine each AOI side-by-side for a visual comparig-igures 21-24). Because CN
and OP were too young for comparison with 8-yedrelata, they were excluded from
this analysis. For each graphner features included eyes, eyebrows, nose, and mouth

andOuter features included the neck, forehead, and chin.
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Figure 21. Raw Looking Time to each AOI for B, Rnaeted as Z-scores.

B was the only child for which there was no abralrtracking indicated by looking
times at least 2 SD above or below the mean. i§hideresting considering that B was
also the only child who performed within the normatge on the CFMT-C. However,
as indicated above, when B first came to the lad &sear-old, he produced chance
performance on the CFMT-C for several iteratiombus, it would have been interesting
to see how B’s eye-tracking behavior on this taeak thanged with this CFMT-C data.

Unfortunately, his early attempts at the CFMT-C wlad include eye-tracking.
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Figure 22. Raw Looking Time to each AOI for MF, &¥ated as Z-scores

The most striking aspect of MF’s looking pattetmsaces is her higher than
average attention to the mouth and nose. Thumwadh she attends to thener features
of the face as would be predicted by the litergthes attention is biased toward the

lower features, rather than the eyes and eyebrows.
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Figure 23. Raw Looking Time to each AOI for RK, sented as Z-scores

RK’s looking patterns toward faces is particulastsiking because of his fairly
typical pattern of face recognition with the soke@ption of attention to the cheeks.
Performing more than 4 sd above the mean in attendi the cheeks, this data supports
the hypothesis that those with face recognitiofiatities may spend an usual amount of
time attending to the extranous areas of the fatmvever, based on the results from
Experiments 1 and 2, mainly lack of significanceha correlation between attention to
the cheeks and face recognition score, we didnobdde the cheeks in ti@uterareas of
the face. Therefore, RK may have a attention pattet is unique, possibly as a result

of his limited early visual experience with catdsac
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Figure 24. Raw Looking Time to each AOI for WC, §eted as Z-scores

Finally, WC showed a rather typical distribution@oking times to each area of
the face on the CFMT-C. The only exception isahmunt of time that he attended to
the inner features of the face overall. Howeuss lack of attention to the inner features
seemed to be carried by a lack of attention tddabe overall. Hoewever, it should be
noted that WC was very compliant during testing sinowed no signs of general
inattentiveness (e.g. boredom, failure to coopesity.

Discussion

The goal of Experiment 4 was to evaluate the Hygses of this thesis by
examining a group of children with DP. Specifigaive hypothesized that if individual
differences in configural processing and attent@mparticular areas of the face can

explain face recognition in typically developingldren (as in Experiments 1-3), then
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children with DP should show abnormalities in thessasures when completing the
same tasks (CFMT-C with eye tracking and PW-Kids).

All of the children who completed Experiment 4 wled impairments in face
recognition as measured by the CFMT-C with the ptioa of B. This is not surprising
given that B has completed this task several tipmregiously in our lab. However, it
should be noted that the first several times thabBpleted this task—ages 7 and 8—he
consistently performed more than 2 SD below therm@aerefore it is either the case
that B has improved in his ability to recognizestearticular faces or, perhaps, that his
face recognition skills have improved relative i® eers since he was first tested.

Nonetheless, these children all, at one time othaer, performed more than 2 SD
below the mean on this task. Furthermore, thegemed a rather heterogeneous group,
with some, but not all children reporting defidisage, gender, and emotion recognition.
This is consistent with studies of adults with DRttshow variability between cases in
the degree to which they are affected by other fmoeessing impairments (Chatterjee &
Nakayama, 2012; Duchaine & Nakayama, 2006). Howerdy one child experienced
object recognition impairment in addition to faeeagnition impairment, which was
reflected in his Object Task score.

Finally, one child, OP, was additionally diagnoséth an autism spectrum
disorder. Given the similarities between autisnmcpen disorders and DP, it is difficult
to determine if his face recognition impairments aresult of DP comorbid with autism
or rather a result of autism itself (Dalrymple ket 2012). However, given that OP was

only 6-years-old at the time of testing, and thereihot comparable with the 8-year-old
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data, this is somewhat of a moot point.

The first hypothesis examined in Experiment 4 tias children with DP would
show deficits in configural processing as measbsethe PW-Kids Task. Of the
children old enough to compare with the 8-yeardath, this hypothesis was generally
supported with one child showing a part, rathentivhole advantage (B) and two
children (MF and RK) showing a whole advantager®arly chance performance on
whole trials. The latter data suggests that a fedtact for “Whole-Advantage Scores”
likely limited the detection of impaired holisticqressing using a subtraction method
(whole trial performance minus part trial performanfor these children. Furthermore,
this was exacerbated by their unusual below-chpedermance on the part-trials.
Regardless, three of the four children above 7sfelt demonstrated some form of
configural face processing impairment.

The second hypothesis examined in Experiment 4tachildren with DP would
exhibit less than typical attention to the eye @agor inner regions, of the face and
greater than typical attention to the outer, exdoars, areas of the face, such as the
forehead, neck, and chin. Of the six children eatdd, four demonstrated some degree
of abnormal attention to face features compardbdd-year-old comparative data. Two
of these children (WC and CN) produced scores ri@ae 2 SD below the mean in
attention to the inner features. However, attegdiinouter features did not compensate
for this lack of attention to the inner featuré&ather, these children attended to the face
significantly less, overall, than typically deveiog 8-year-old children. RK, on the other

hand, attended to the cheeks far more than hisdlpideveloping peers. In fact, the
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amount of time he spent looking at the cheeks neeanlalleled the amount of time he
devoted to the eye region. Furthermore, MF dematesira greater amount of attention
to mouth and nose than typically developing 8-yadrehildren. However, interestingly,
this bias of attention toward the lower half of thee possibly came at the expense of
attention to the eye region. In fact, MF attentiethe nose for a greater amount of time
than eyes, a pattern very different than is sedypically developing children.

The remaining two children, B and OP, did not slamy deviations from normal in
their eye tracking patterns. However, as stated@bOP was only 6-years-old at the
time of testing and his eye-tracking data may motdmparable with 8-year-old norms;
although, if this is the case, one might expetu @pply to CN as well. B’s tracking data,
on the other hand, might be explained by his wii8D-score on the CMFT-C from
which the eye tracking data was obtained. Theeefuis eye tracking patterns may
reflect his fairly accurate face recognition ai@kton this task.

Interestingly, none of the six children testedveo deficit in attention to the eye
region of the face on the CFMT-C. Thus, althoughhypothesis that children with DP
would devote greater attention to the non-corearegof the face was supported, these
data did not support the hypothesis that childréh P would devote less than typical
attention to the eye region of the face. Thisagpexing. However, it may be the case
that those with DP, rather than showing less tramal attention to the eye region, show
abnormal attention to at least one outer featutbeface. In this case, children may be
very heterogeneous, with each child having a dfieabnormality in where they choose

to direct their attention. To this effect, undarsting this information, and what aspects
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of facial attention are affected in each child,| Wwé& important for identification of cases
and treatment.

In addition to these findings, Experiment 4 pra@ddhe opportunity to examine the
usefulness of each task in evaluating the faceoaiett processing abilities of children
with DP. As stated above, the CFMT-C was highlgcassful at detecting face
recognition impairment in these six children. Haene was not true, however, for the
CFMT-Kids. Only the two youngest children (agessl 6) performed more than 1.5
standard deviations below the mean for 8-year-bildieen. Given their ages, this is not
particularly surprising. However, preliminary CFMIids data, collected by
collaborators at Dartmouth College, provides inticcathat MF and RK both perform at
least 1.5 SD below the mean when compared with tven age group. More
specifically, MF (age 12) obtained a score of 0.d68he CFMT-Kids. This places her
approximately 4 SD below the mean for typically eleping 12-year-old children [n =
15, M =0.794, SD = 0.086]. Likewise, RK (age 9janbed a score of 0.479 on the
CFMT-Kids. This places him approximately 1.5 starddeviations below the mean for
typically developing 9-year-old children [n = 15,#0.70, SD = 0.14] (Dalrymple,
2013). Therefore, both MF and RK show impairedes®n both the CFMT-C and
CFMT-Kids. However, the finding that both B and \lg€&formed within 1.5 standard
deviations for their age-group is somewhat sunpgisiBoth children report significant
face recognition impairments in everyday life ardfprmed 2 SD below the mean on the
CFMT-C at the time of first testing. Thereforee @FMT-Kids may not be as sensitive

as the CFMT-C in identifying children with DP.
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The usefulness of the PW-Kids task with this grotiphildren is a bit more
perplexing. First, nearly all of the children eiteéd better performance on whole trials
than part trials. However, for MF, RK, and CN,ithehole-trial performance was near
chance, calling into question this whole-advantaljés not clear why or how these
children could have achieved such low performancpant-trials, thus creating a whole-
advantage. However, it is not surprising thatrtiviole-advantage was not significantly
different than the mean for 8-year-olds given tivagrder to have a whole advantage that
is 2 SD below the mean, one would actually nedtatee part-trial advantage. Therefore,
it is likely that all of the children except WC a@dP had some degree of holistic
processing impairment relative to typically devehgp8-year-olds.

Finally, the 3-alternative forced-choice ObjecsK@roved to be very useful for
examining children with DP. Prior to data collectj RK was the only child that we
expected to have an object recognition impairmeseld on his everyday experiences.
This hypothesis was confirmed by performance orChgect Task, with only RK
performing 2 SD below the mean. This confirmsukefulness of this task for
evaluating children for general object recognitimpairments.

In sum, the data collected from six children witR general supports the
hypotheses that configural processing and locahttin to particular areas of the face —
or in this case, lack of attention to the core @agiof the face—are important for face
recognition. However, the hypothesis that childngtth DP would lack attention to the
eye region was not supported. It may be with gdasample, or comparing with an age-

matched control sample, that a difference in thenéibn to the eye region would be
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detectable. Further work examining eye-trackinghindren should examine this
hypothesis with a larger sample of children with. DP
CHAPTER 6: General Discussion

The goal of the present thesis was to examine ighaliy differences in face
recognition abilities between children. More sfieally, across 4 experiments, we
aimed to evaluate what information, provided byfte, is most useful for face
recognition.

Theories of Face Recognition

Configural Processing

There are two main theories in the literature #uairess this question. First, that
the use of configural face information, such asdiséance between features or holistic
information, is essential for successful face redtogn. This theory is supported by
experiments examining the inversion effect (YingQp the composite-face-effect
(Young et al., 1987), and the part-whole effectn@ka & Farah, 1993). However, only
recently has this hypothesis been directly examimelboking at individual differences.
Richler et al. (2011), Wang et al. (2012), and Desset al. (2013) all found evidence
that configural processing abilities significantiyrrelated with face recognition abilities
in adults. DeGuitis et al. (2013) further emphasithes importance of using regression to
isolate configural processing rather than the papsiibtraction method.

The present thesis aimed to examine this sameignestchildren. Across three
studies, children completed the Part-Whole Taskéka & Farah, 1993) as a measure of

their face recognition abilities. In general, thgothesis that there would be a
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relationship between configural processing and facegnition skill was supported. In
Experiment 2, performance on a measure of facegraiwon (CFMT-C) significantly
correlated with configural processing skills as sugad by the Part-Whole Task. This
was true when configural processing was measuried usgression as suggested by
DeGuitis et al. (2013), but not when using the sdbiton method. The relationship
between these variables was also significant wkamaing the Residual Face
Recognition scores unexplained by object recogmpierformance. Furthermore, similar
results were found in Experiment 3 with the exaapthat, with a smaller sample, the
correlation between Residual Face Recognition scame Residual PW-Kids scores was
not significant. Finally, Experiment 4 examinedldren with DP and found that three of
the four children 8-years-of-age or older showegdaimments in configural processing as
compared to a cohort of typically developing 8-yelt children. Together, these
experiments generally support the hypothesis thiafigural processing is important for
successful face recognition.
Feature-Based Processing

The second theory addressed in this thesis isattettion to particular local
features, specifically the eyes, is important foccessful face recognition. Previous
work has demonstrated the importance of the eyiemeg two different ways. First,
several studies have shown that, in face recognitisks, adults attend to the eye region
more than any other feature of the face (e.g. AMlikaCohen, 1999; Barton et al., 2006).
Furthermore, the development of clever methodsdtaie individual regions of the face

has provided evidence that the eye region may s mimrmative in face recognition
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tasks (e.g. Haig, 1985, 1986). However, the otdgyto directly examine individual
differences in face recognition as relategasticular regions of the face is Yang et al.
(2012). They examined individual differences iteation to several regions of the face
during a face recognition task and examined hognétin to each area predicted face
recognition performance. They found that attentmthe eye region of the face
negatively correlated with face recognition scaeggesting that attention to this region
actually hindered face recognition performance. eloay, as Blais et al. (2008) pointed
out, there are differences between cultures imddggee to which we attend to various
regions of the face. Thus, although the findinig¥ang et al. (2012) do not generally
support the notion that the eyes are importantsfoe recognition, it may be that attention
to the eye region is specific to Caucasian Westsrfi@m which the majority of the
previous research as been collected.

Thus, we proceeded with the hypothesis that tles ayay be especially
informative for face recognition. Furthermore, &@h®n the findings from Schwarzer et
al. (2007), we predicted that those with pooreefaarognition performance might
devote a greater degree of attention to the noedeatures of the face, such as the
forehead, chin, and neck, than those with bettr facognition skills.

Experiments 1 and 2 provided the opportunity tanexe how typically
developing children, randomly selected from theegahpopulation, attend to faces.
Both experiments produced the same order of pdedtattention to the face with 8-
year-old children devoting the greatest amountteigion to the eyes, followed by the

nose, mouth, eyebrows, cheeks, forehead, chin acid m that order.
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In addition, each of the four experiments allowsdo examine the role of
attention to the eye region in face recognitioxpétiments 1 — 3 each, generally,
produced a significant correlation between CFMTeGres and attention to the eye
region. Although the significance for each expemindepended on how attention to the
eyes was measured (e.g. as raw looking time otidixg), these findings nonetheless
provide consistent support for the hypothesis dti@ntion to the eye region is important
for successful face recognition. Furthermore,ér@smparisons remained when
participants were separated into quartiles (Expenisi1 and 2) or comparing pre-
selected high and low performers on the CFMT-C @xpent 3). However, when
examining attention to the eye region in childrathidP, one might expect to see
reduced attention to the eye region. However,wlas not the case. None of the children
evaluated attended to the eye region of the fapefiiantly less than the mean for 8-
year-olds. Itis not clear why this would be tlse. Schmalzl et al. (2008) evaluated
attention to the face in a child with DP and folindted attention to the eyes before the
completion of a training program. It is possililattithe specific measures used were not
sensitive enough to detect limited attention toeye region in these children. For
example, limited attention to the eyes may be ravgtent when viewing dynamic faces
rather than static images. Future work shouldstigate this hypothesis.

We also evaluated the hypothesis that the cotariesa(eyes, eyebrows, mouth,
and nose), more generally, were important for ssafaéface recognition. Although this
hypothesis was not supported in Experiment 2, tmeparisons between high and low

performing face recognizers yielded a significaffedence in attention to these core
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features in Experiment 3. Furthermore, in Expenitk attention to the core features of
the face fell 2 SD below the mean for 2 childrethMdP. Overall, these findings suggest
that the core features of the face are certainlgtnmoportant for face recognition, with
particular importance of the eye region.

Likewise, we evaluated the hypothesis that atbentid the non-core regions of the
face (forehead, chin, and neck) would predict laeefrecognition scores in children.
Along these lines, we found marginal significan€a aegative correlation between
attention to the forehead and CFMT-C score in Exrpant 1. In Experiment 2, attention
to the outer features did not significantly cortelaith face recognition score. However,
attention to the forehead, neck, and chin (indialtj) were all marginally significant
when corrected for multiple comparisons. FinalhyExperiment 3, attention to the outer
features was significantly correlated with faceoggation score with when examined as a
correlation and also when examined as a compahbstween high and low performers.
Supporting these findings, in Experiment 4, the am@f time that RK devoted to the
cheeks fell more than 4 standard deviations ablowentean for 8-year-old children.
However, none of the other three children 8-yedramid older showed significant
deviations in the outer region. Together, thesdifigs provide evidence that attention to
the outer features of the face may hinder facegmition ability. Given that this effect
was seen in Experiment 3, which compared extrerhkgb and low performers, but not
Experiment 2, suggests that this may be true for e most extreme cases of poor face

recognition.
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In sum, the overall findings from Experiments $tggest that attention the eye
region is important for face recognition and tlatleast in extreme cases, attention to the
extraneous areas of the face may actually hinader facognition performance.

Configural and Feature-Based Processing: Mutually Exclusive?

It need not be the case that configural and felpucessing are two processes
that occur separately but simultaneously for fam®gnition. Rather, it may be that these
two processes are inter-related. For example,etda. (2001) found that the inversion
effect can be produced for the eye region in igmtadf the rest of the face. Furthermore,
in cases of AP and DP, configural processing isroiinpaired for only the upper region
of the face (Bukach et al., 2006; DeGutis et &12). We tested this hypothesis by
examining how attention to the eye region relatesoinfigural processing as measured
by the Part-Whole task. In this case, the findivwgse mixed. In Experiment 2,
configural processing significantly correlated wéttention to the eyes as measure in
seconds. However, when examined as a regressibrcanfigural processing and
attention to the eyes predicting face recognitioors, only configural processing served
as a significant predictor of face recognition. wdwer, in Experiment 3, attention to the
eyes and configural processing did not correlath ame another. Furthermore, when
evaluated as a regression, both attention to tee &yd configural processing
significantly predicted face recognition except wipeedicting Residual Face
Recognition scores, in which case, only attentmthe eyes served as a significant

predictor.
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There are several possible explanations for th@efsncy between Experiments
2 and 3. First, the two experiments used diffetgoes of samples and sample sizes. Itis
possible that the normal distribution of face ratagrs is biased toward one strategy
(configural processing) whereas the extremes aseditoward the other (feature-based).
Second, the data from Experiment 3 may simply heeen more sensitive and detected
that both attention to the eyes and configural @ssig were significant predictors. In
this case, the lack of prediction between configpracessing and Residual Face
Recognition score may be explained by the ObjeskTdn this case, it may be that the
Object Task is not an adequate control and, tluspving variance explained by this
task is removing important variance specific taeefagcognition.  Future work might
examine a larger cohort of high and low perfornveith a better object recognition
control in order to clarify these relationships.

In general, the combined results of Experiments®&suggest that it is likely
that both attention to the eye region and configpracessing are important for face
recognition and there may be some common variaetveden these processes. Rather,
attending to the eye region may be an importaré@syf global processing.

Contributions

These studies have made a number of significantibations. First, Experiments
1-3 provide the first detailed examination of engeking patterns in typically developing
populations of children. Second, Experiments 2Zedamined, for the fist time, the
relationship between configural processing and facegnition skill in children. Finally,

Experiment 4 examined one of the largest cohorthiddiren with DP to-date, comparing
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only to Wilson et al. (2010). Doing so allowedtashighlight the heterogeneity of this
population; something that is not possible witlgkrsubject research.
Implications

The findings of these studies have several impboat First, it provides a clearer
description of how the human visual system usaalfadformation for the later
recognition of faces. Until now, the informatidrat is used in face recognition has been
unclear. These studies indicate that both cordigamd local facial structures provide
key information for face recognition.

Second, a better description of how children recgfaces may provide an
avenue for identifying DP in children. In Experimé, all of the children tested
exhibited a deficit in either configural processorgattention to a particular region of the
face. Thus, an examination of configural and Igrakessing in childhood cases may
provide the opportunity to identify children witade recognition impairment and
furthermore provide aomplete profileof these cases, understanding which aspects of
face recognition are impaired in each case rattar trying to identify children with DP
based solely on their face recognition score.

Finally, understanding this information may be esisé¢for the development of
successful training programs (see below; Futurel)vor

Future Work

There are several lines of future work that caiin from this research. First,

understanding what information is used in face gad@mn could inform studies

investigating how to identify children with facecognition impairments. By evaluating
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different age groups, we could examine how theseking patterns develop with age and
perhaps, subsequently, identify children at riskAatism, DP, or other disorders
associated with face recognition deficits.

Likewise, it is not entirely clear that the tratgfipatterns of these different groups
of children will be the same. For example, childvdth ASD might show a different
pattern than children with DP. Furthermore, thaegy be differences in tracking patterns
between different subtypes of ASD. Gaining a bettelerstanding of these atypical
patterns could be useful for evaluating differenoesveen groups that may not yet be
salient to us.

Similarly, as was seen in Experiment 4, adults@nlfiren with prosopagnosia
are a heterogeneous population. In fact, therélalg subtypes of the disorder that can
be at least partially explained by deficits in eitlsonfigural or feature-based processing.
Therefore, future work should examine a larger darapindividuals with prosopagnosia
to see if there are distinctions between those sttoov configural processing deficits,
those who show local processing deficits, and thdse show both. It is entirely
possible that certain subtypes of prosopagnosianare likely to benefit from certain
types of training. Future work using a larger pbnof individuals with prosopagnosia
could investigate this question.

Second, the most obvious extension of this wotk &pply the findings to the
creation of an intervention aimed at improving e recognition skills of those with
DP. To date, only a handful of training studiased at improving face recognition skills

have been successful. The first training stud ait adult with DP was completed by
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DeGuitis, Bentin, Robertson, & D’Esposito (2007heV trained a 48-year-old female,
MZ, to attend to the configural aspects of facesinty the distance between the eyes and
eyebrows as well as the distance between the masmauth. Post training, MZ
improved in her performance on tests of face reitimgnand began to show a face-
selective response to faces both in terms of arON@3ponse and activation specific to
faces using fMRI. In addition, she performed samj to controls on tests of face
recognition and reported improvements in this skikkveryday life. Although the effects
of training were not retained for longer than 99gjdhis finding is critically important to
the field because it demonstrates that, at leasbdime individuals, it may be possible to
train face recognition skills.

However, only two training studies have been attexh children with DP. The
first is seen in Brunsdon et al. (2006). Theidgtof AL, an 8-year-old male, focused on
training him to attend to local, distinctive featarof familiar faces. Post training, AL was
able to correctly identify all but one of the 17get-familiar faces (pre-training he was
only able to correctly identify 6). However, traig did not generalize to photographs of
people that he was not trained on suggesting ibdtdining affected his ability to
remember the target faces only, but not other fanfihces or new faces.

The only other training program created for actkith DP is described in
Schmalzl et al. (2008). Much like the study don#hwL, K (age 4) was first given a
baseline assessment in which she was presenteghatbgraphs of familiar and non-
familiar faces. An intervention program was devigadK that would train her to attend

to the internal features of a set of familiar fab®tographs. For each face, K was asked
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to identify the face and then discuss 5 definingrabteristics listed on the back of the
photograph (age, gender, and three other locahcteaistics). After training, K correctly
identified 100% of the photographs from the basetissessment as either familiar or
unfamiliar. However, when presented with the s#awes from different viewpoints, K’s
performance did not improve.

Regardless, the above cited treatment studiesgeqrieliminary evidence that face
recognition training may be possible. Early treatitnwhen plasticity is still evident and
long before face recognition abilities have maturedy be effective in preventing some
of the social consequences of DP. Creating trgipnograms for children with DP that
focus on the recognition of new faces will be apamant goal for the future.

Using the methods described in this thesis, intd@i@as may be tailored to suit
individual children. For example, if a child spsrttie majority of time looking at the
chin, an intervention for them might focus attentem the eyes and limit attention to the
chin. Likewise, a child who lacks a whole-advaetagthe Part-Whole Task might
benefit from training that highlights the configlespects of the face, such as the
distance between features as in DeGutis et al.7)200

Finally, one of the drawbacks of this study is ihases static faces for face
recognition. In the literature of face recognitgtndies, stimuli using dynamic faces
have less often been used. However, moving féloely provide additional information
that can be used for face recognition that statie$ do not. For example, Lander and

Chuang (2005) suggested that faces may displaycteaistic movement patterns that
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aid in recognition. Future work using eye trackingy help to identify the degree to
which this is true and further explain how faces r@cognized.

Likewise, future work may utilize familiar facarsuli (e.g. photographs of
friends and family members) rather than unfamiige stimuli as in this thesis. In
particular, a number of different groups have fothmat looking patterns to faces differ
when the face is familiar than when it is not (Baret al., 2006; van Belle et al., 2010)
(Althoff & Cohen, 1999). Therefore, a direct compan of configural and local
processing between familiar and unfamiliar facey befruitful. On the other hand, this
study was primarily concerned with how children eotm recognize new faces.

Conclusion

The demonstration of childhood cases of DP, caupligh high prevalence rates
of DP in adulthood, establishes a need to addnestate recognition deficits of these
children early in life, before the effects of theatder become too severe. To
accomplish this task, we need a better understgrafinow successful face recognition
works. The present experiments provided a desonigf what aspects of the face are
most important for successful face recognitiongeéneral, individual differences
between children supported the notion that attartiche configural aspects of the face,
as well as the eye region, are important for sigfaeface recognition. These findings
will be important for developing case-specific tiag programs for children with

prosopagnosia in the future.
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Appendix 1
Instructionsfor Defining Areas of Interest on the CFMT-C

Forehead: Top of head down to the top of the eyefr8ottom of forehead region
extends horizontally across the entire face.

Eyes: Six sided shape. Innermost point directlyh@nmidline of the face, at the level of
the pupils. Topmost point, directly below the battof the eyebrow, directly above the
pupil. Outermost edge (2 points) at the edge ofdhe, top:level of top eyelid, bottom:
level of bottom eyelid. Bottom-most edge (2 poinksit: about one cm below the eye,
directly below the leftmost edge of the eye. rightm below eye directly below the
rightmost edge of the eye.

Nose: Five sided shape. Top point: midline of facthe height of the pupils. Vertexes 1
cm below eye, abutting the eye vertex. Bottom sarfa horizontal, halfway between the
nose and mouth.

Mouth: Six sided shape. Top surface: midway betwesse and mouth. Side points: just
outside of, and slightly below the corners of theuth. Bottom surface: horizontal
surface just below the shadow of the bottom lip.

Chin: From side points of lip diagonally to the side of the face. All of the face below
the mouth.

Cheeks: All regions of face not included in oth&DI8 are cheeks.

Neck: Area of neck, bordered by edge of chin.
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Appendix 2
Loneliness and Social Dissatisfaction Questionnghgher, Hymel, & Renshaw, 1984)

Scoring: Both adult and child versions were scored the alhg way. Each question had
the following options: Always true (5), true modttoe time (4), sometimes true (3),
hardly ever true (2), not true at all (1). Thddualing items were reverse scored: 3, 6, 9,
12, 14, 17, 18, 20, 21, 24. The following items evBiter questions and were not scored:
2,5,7,11, 13, 15, 19, 23.

Adult Questionnaire (Adapted)

It's easy for my child to make new friends at sdhoo
My child likes to read.

| often feel like my child has no one to talk to.

My child is good at working with other children.

My child likes to watch TV.

It's hard for my child to make new friends.

My child likes school.

My child has lots of friends.

| think my child feels alone.

10 My child can find a friend when he/she needs one.
11.My child enjoys playing sports.

12.My child struggles to get other children to likeriiher.
13. My child likes science.

14.My child often has no one to play with.

15. My child likes music.

16. My child gets along with other children.

17.My child often feels left out.

18.1 feel that my child feels they have no one to@ahen they need help.
19. My child likes to paint and draw.

20. My child doesn’t get along well with other children
21.My child is lonely.

22.My child is well-liked by other kids in his/her cla.
23.My child likes playing board games.

24.My child doesn’t have any friends.

©CoNorwWNE

Child Questionnaire

It's easy for me to make new friends at school.
| like to read.

. | have nobody to talk to.

I’'m good at working with other children.

PwppPE
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5. lwatch TV a lot.

6. It's hard for me to make new friends.
7. 1like school.

8. | have lots of friends.

9. |feel alone.

10.1 can find a friend when | need help.
11.1 play sports a lot.

12.1t's hard to get other kids to like me.
13.1 like science.

14.1 don’t have anyone to play with.
15.1 like music.

16.1 get along with other kids.

17.1 feel left out of things.

18.There’s nobody | can go to when | need help.
19.1 like to paint and draw.

20.1 don’t get along with other children.
21.I'm lonely.

22.I'm well-liked by the kids in my class.
23.1 like playing board games a lot.

24.1 don’t have any friends.
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