UNIVERSITY OF
GLOUCESTERSHIRE

This is a peer-reviewed, post-print (final draft post-refereeing) version of the following published
document and is licensed under All Rights Reserved license:

Bennetts, Rachel }J, Murray, Ebony ORCID logoORCID:
https://orcid.org/0000-0003-4928-5871, Boyce, Tian and Bate,
Sarah (2017) Prevalence of Face Recognition Deficits in
Middle Childhood. Quarterly Journal of Experimental
Psychology, 70 (2). pp. 234-258.
doi:10.1080/17470218.2016.1167924

Official URL: http://dx.doi.org/10.1080/17470218.2016.1167924
DOI: http://dx.doi.org/10.1080/17470218.2016.1167924
EPrint URI: https://eprints.glos.ac.uk/id/eprint/7622

Disclaimer

The University of Gloucestershire has obtained warranties from all depositors as to their title in
the material deposited and as to their right to deposit such material.

The University of Gloucestershire makes no representation or warranties of commercial utility,
title, or fitness for a particular purpose or any other warranty, express or implied in respect of
any material deposited.

The University of Gloucestershire makes no representation that the use of the materials will not
infringe any patent, copyright, trademark or other property or proprietary rights.

The University of Gloucestershire accepts no liability for any infringement of intellectual
property rights in any material deposited but will remove such material from public view
pending investigation in the event of an allegation of any such infringement.

PLEASE SCROLL DOWN FOR TEXT.



€Y Routledge

g Taylor &Francis Group

The Quarterly Journal of Experimental Psychology

ISSN: 1747-0218 (Print) 1747-0226 (Online) Journal homepage: http://www.tandfonline.com/loi/pqje20

Prevalence of face recognition deficits in middle
childhood

Rachel ] Bennetts, Ebony Murray, Tian Boyce & Sarah Bate

To cite this article: Rachel ] Bennetts, Ebony Murray, Tian Boyce & Sarah Bate (2016):
Prevalence of face recognition deficits in middle childhood, The Quarterly Journal of
Experimental Psychology, DOI: 10.1080/17470218.2016.1167924

To link to this article: http://dx.doi.org/10.1080/17470218.2016.1167924

[N
h View supplementary material (&'

% Accepted author version posted online: 21
Mar 2016.

N
[:J/ Submit your article to this journal &

A
& View related articles &'

@ View Crossmark data (&'

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=pqje20

(Download by: [Rachel Bennetts] Date: 22 March 2016, At: 07:06 )



http://www.tandfonline.com/action/journalInformation?journalCode=pqje20
http://www.tandfonline.com/loi/pqje20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/17470218.2016.1167924
http://dx.doi.org/10.1080/17470218.2016.1167924
http://www.tandfonline.com/doi/suppl/10.1080/17470218.2016.1167924
http://www.tandfonline.com/doi/suppl/10.1080/17470218.2016.1167924
http://www.tandfonline.com/action/authorSubmission?journalCode=pqje20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=pqje20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/17470218.2016.1167924
http://www.tandfonline.com/doi/mlt/10.1080/17470218.2016.1167924
http://crossmark.crossref.org/dialog/?doi=10.1080/17470218.2016.1167924&domain=pdf&date_stamp=2016-03-21
http://crossmark.crossref.org/dialog/?doi=10.1080/17470218.2016.1167924&domain=pdf&date_stamp=2016-03-21

Downloaded by [Rachel Bennetts] at 07:06 22 March 2016

Running Head: FACE RECOGNITION DEFICITS IN CHILDHOOD

Publisher: Taylor & Francis & The Experimental Psychology Society
Journal: The Quarterly Journal of Experimental Psychology

DOI: 10.1080/17470218.2016.1167924

Prevalence of face recognition deficits in middle childhood

Rachel J Bennetts, Ebony Murray, Tian Boyce, and Sarah Bate

L 2 < ?
Bournemouth University K\

Author note 0

Rachel J Bennetts, Ebony Murray, Tian Boy¢gt, Qh Bate, Department of

Psychology, Faculty of Science and Tech emouth University.

Correspondence concerning this*agticle should be addressed to Rachel Bennetts,

Department of Psychology, Fac ence and Technology, Bournemouth University,
Poole House, Talbot Cam &e, UK, BH12 5BB.
Q.ac.uk.

Email rbennetts@b

Word couno0

t: 250
anuscript: 11,785 (excludes references, figure and table captions)
Abstract

Approximately 2-2.5% of the adult population is believed to show severe difficulties with

face recognition, in the absence of any neurological injury — a condition known as
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developmental prosopagnosia (DP). However, to date no research has attempted to estimate
the prevalence of face recognition deficits in children, possibly because there are very few
child-friendly, well-validated tests of face recognition. In the current study, we examined face
and object recognition in a group of primary school children (aged 5-11 years), to establish
whether our tests were suitable for children; and to provide an estimate of face recognition
difficulties in children. In Experiment 1 (n = 184), children completed a pre-existin t of
child face memory, the CFMT-K, and a bicycle test with the same format. IngE & (n
= 413), children completed three-alternative forced choice matching tasks \Q s‘and
bicycles. All tests showed good psychometric properties. The face a cle tests were
éy. Neither the

well-matched for difficulty and showed a similar developmenﬁ

e youngest groups of

memory nor matching tests were suitable to detect impa@
children, but both tests appear suitable to scree % gnition problems in middle
childhood. In the current sample, 1.2-5.2% showed difficulties with face

recognition; 1.2-4% showed face-spectfic difficBlties — that is, poor face recognition with

typical object recognition abilitie omewhat higher than previous adult estimates: it
is possible that face matchin t restimate the prevalence of face recognition
difficulties in children; Qvely, some children may “outgrow” face recognition
difficulties. 0@

K wor@sopagnosia; face recognition; object recognition; cognitive development;

developmental disorders
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Prevalence of face recognition deficits in middle childhood

The ability to recognise faces develops substantially throughout the early years of life.
From as early as 1-4 days of age, infants are able to learn and discriminate between a small
number of faces (Pascalis, de Schonen, Morton, Deruelle, & Fabre-Grenet, 1995; Turati,
Macchi Cassia, Simion, & Leo, 2006), and by the time we reach late adolescence, m
people are “experts” at recognising a large number of familiar faces with littfe Q
glance (Hancock, Bruce, & Burton, 2000). However, some individuals %op he
ability to recognise faces — a condition known as developmental pr; 1a (DP). DP
(also known as congenital prosopagnosia or “face- blindness”®1 0 & Duchaine, 2013
for a discussion of terminology) is a condition characteri severe, relatively selective
deficit in face recognition, in the absence of an @al injury (e.g., Bate & Cook,
2012; Bate, Haslam, Jansari, & Hodgson, hrmann, Avidan, Marotta, & Kimchi,
2005; Bennetts, Butcher, Lander, Ud Bate, in press; Duchaine, Germine, & Nakayama,
2007; Duchaine & Nakayama 2 1es in adult populations suggest that DP occurs in
roughly 2% of the populati es et al., 2009; Kennerknecht et al., 2006; Kennerknecht,
Ho, & Wong, 2008) ave been relatively few studies on DP in childhood
(Brundson, Col@ ckels, & Joy, 2006; Dalrymple, Corrow, Yonas, & Duchaine, 2012;
Dalrymple @do & Duchaine, 2014; Jones & Tranel, 2001; McConachie, 1976;

Schmalal, Palermo, Green, Brundson, & Coltheart, 2008; Wilson, Palermo, Schmalzl, &

Brock, 2010) and no published studies estimating the prevalence of DP in children.

Given that DP can be associated with social anxiety (Davis et al., 2011), feelings of
embarrassment, avoidance of or anxiety in social situations (Dalrymple, Fletcher, et al., 2014;
Yardley, McDermott, Pisarski, Duchaine, & Nakayama, 2008), and safety concerns (e.g.,

children misidentifying carers or teachers), it is important to understand how many children
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are affected by this condition and to develop reliable, valid screening tools with appropriate
norms for multiple age groups. Consequently, Experiment 1 presents a new test of object
memory (children’s bicycles), matched in format to a pre-existing test of child face memory
(the Cambridge Face Memory Test — Kids, or CFMT-K; Dalrymple, Garrido, et al., 2014);
Experiment 2 presents new tests of face and object matching suitable for children. We used
these tests to examine face and object processing in a large sample of UK primary s%

children (5 -11 yrs). There were two main aims: firstly, to examine the perfogmag

psychometric properties of the face and object tests; and secondly, to provi%\ ;

estimate of the prevalence of DP in children.

Identifying cases of developmental prr@osia

Traditionally, prosopagnosia has been 1dent1 behav10ura1 tests of face
memory (generally following self-report, e.g., 09 Behrmann et al., 2005;

Bennetts et al., in press; De Gutis, Cohan, Metr@ado, Wilmer, & Nakayama, 2012; Duchaine,

Yovel, & Nakayama, 2007) or, in so s, self-report of face recognition difficulties
alone (e.g., Kennerknecht et'ale, @In adults, behavioural tests of face memory can be
broken into two categori @ iliar faces tests (specifically famous faces; e.g., Behrmann et
al., 2005; Duchaine,@ne, & Nakayama, 2007) and standardised tests of face learning

(e.g., the Be 1al Recognition Test, Benton, Sivan, Hamsher, Varney, & Spreen, 1983;

ce Memory Test or CFMT, Duchaine & Nakayama, 2006). Familiar faces
elatively ecologically valid and simple to administer when applied to a limited or
homogenous population (i.e., in which all individuals would be expected to show similar
levels of familiarity with the majority of famous faces used in the test), but practical
difficulties can emerge when trying to test different populations (e.g., different age ranges,
different cultural backgrounds) (Bowles et al., 2009). As children have variable and relatively

limited exposure to famous faces, these types of test are impractical to design and administer
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with young children. Previous studies have used tests of personally familiar face recognition
with children (e.g., Brundson et al., 2006; Schmalzl et al., 2008), but these can be labour-
intensive to develop and present practical difficulties (e.g., finding and accessing a control
group appropriately familiar with the same faces). While this approach may be useful for
detailed case studies and theoretical research, it is simply not practical for general screening,

especially as awareness of prosopagnosia grows and more cases are reported. \

Another approach to assessing face memory is standardised tests of ot . The
most well-known of these tests is the CFMT, which tests participants’ aQ learn six
d other external

Caucasian young adult male faces. All images are cropped to excluydc ha

features, and participants complete a three-alternative forced @AFC) test (see methods

for more details). The CFMT has very good psychometr@ﬂies (Duchaine &

% and is widely used to assess

ilities in the general population (e.g.,

Nakayama, 2006; Bowles et al., 2009; Wilmer
individuals for DP and estimate face recogntti
Bowles et al., 2009; Bate, Parris, Has Kay, 2010; Germine, Duchaine, & Nakayama,
2011; Wilmer et al., 2012). Rec veral child-focussed variations of the CFMT have
been introduced. The CF Nlrymple, Garrido, et al., 2014) uses children’s faces, as
they may be remem accurately than adult faces (Anastasi & Rhodes, 2005); and
varies the numb@aces to be learnt (four faces for younger children and the usual six faces
for older ch@. In contrast, the CFMT-C (Croydon, Pimperton, Ewing, Duchaine, &
Pellican®, 2014) retains the original adult face stimuli; but reduces the number of learning
faces to five for all age groups, and limits the number of choices in the test phase (two faces
rather than three as in the adult and CFMT-K versions of the test). Like the original CFMT,
both tests show relatively good psychometric properties (Croydon et al., 2014; Dalrymple,
Garrido, et al., 2014), although as yet the CFMT-K has only been tested in a relatively small

sample of comparatively older children (142 children aged 7-12 yrs).
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While these adapted versions of diagnostic tests are a good starting point, some
theories of development in face recognition would suggest that it may be difficult, if not
impossible, to detect impairments in face memory at a very young age. Some authors suggest
that face-specific processing only emerges late in childhood (e.g., Diamond & Carey, 1977)
or follows a protracted developmental trajectory (e.g., Carey & Diamond, 1994; de Heering,
Rossion, & Maurer, 2012) — in other words, these theories suggest that face- spemﬁ
processing is absent or reduced in children. Work with adults has found that,ln ) a es,
people with DP may also show deficits or abnormal patterns of performanﬂx\(
assessing face-specific mechanisms (e.g., Avidan, Tanzer, & Behr ; Behrmann et
al., 2005; De Gutis et al., 2012; Duchaine et al., 2007, Palemﬁ% 1). This has led
some authors to suggest that people with DP process faceg'in'a siffiilar way as objects (i.e.,
focussing on individual features rather than the who ehrmann et al., 2005). If

children also show reduced face-specific e Heering et al., 2012), or are more

likely to process faces like objects in ory tasks (Diamond & Carey, 1977), it would be
very difficult to detect differencea ypically developing children (who might show

minimal face-specific proces&

specific processing may b Q ced even further).

se tasks) and those with DP (whose levels of face-

Other re@ers have argued that face-specific processes are in place and fully
develgped @y young age, and that all subsequent development is a factor of general
cognitiy€ improvements (e.g., Crookes & McKone, 2009; McKone, Crookes, Jeffery, &
Dilks, 2012; McKone, Crookes, & Kanwisher, 2009; Want, Pascalis, Coleman, & Blades,
2003). Indeed, an overwhelming amount of evidence has found that face-specific processes
are present even in very young children (see McKone et al., 2009), and many studies that
claim to support the late maturity hypothesis suffer from restriction of range effects that limit

their findings (Crookes & McKone, 2009; McKone et al., 2012). This suggests that it should
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be theoretically possible to detect face recognition impairments at a young age. However,
children have shorter attention spans and more limited memory compared to adults
(Anderson, 2002; Schneider & Presley, 1997), which could result in floor effects for younger
age ranges if tests are not carefully designed or adapted to take account of these factors
(Crookes & McKone, 2009). In line with this, typically developing young children (5-6 yrs)
perform relatively poorly on the CFMT-K and CFMT-C, and show relatively high b1hty

(Croydon et al., 2014; Dalrymple, Garrido, et al., 2014), making it difficult tg aQ
lly at

standard diagnostic criteria of two standard deviations below the mean (as

or below chance levels of performance). This may explain the Very u ber of child DP
cases reported in the literature (see Dalrymple et al., 2012; Dz@ arrido, et al., 2014;
atypical or particularly

severe impairments of perceptual processing (e of 10 cases reported in

Wilson et al., 2010); further, it is possible that these case@
L. . @t ¢

Dalrymple et al., 2012, also showed objec deficits). These factors suggest that
the typical method of diagnosing DP imadults —based primarily around face memory — may

not be sufficient to detect many (@ in childhood.

An alternative app, &creening for DP in children is to examine face perception.
In general, impairm perception are generally not considered necessary to meet the
criteria for pros@ma in adults. However, the developmental trajectory of face matching
may make i@re appropriate method for DP screening in children: A recent study found
that fa emory undergoes a prolonged period of development, independent of object
memory abilities; whereas face matching is mature relatively early, and subsequent
improvement is likely a consequence of general cognitive development (Weigelt et al., 2014).
In other words, while face memory may develop slowly (as suggested by Diamond & Carey,
1977; de Heering et al., 2012), leading to floor effects and potential difficulties detecting

impairments; face matching may be mature at a relatively early age (as suggested by Crookes
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& McKone, 2009; McKone et al., 2012; Want et al., 2003). As such, face perception
problems might be a more reliable indicator of DP in childhood than face memory problems.
In support of this, Dalrymple, Garrido, et al. (2014) recently reported eight cases of DP in
children (5-12 yrs old) and found that all cases showed significant impairments in tests of
face perception. In contrast, only six out of 16 adults with DP showed similar impairments of

face perception.

Currently there is only one standardised test of face perception that hasbe
for children, the Dartmouth Face Perception Test (DFPT, Dalrymple, G \
The DFPT involves children choosing which of three morphed fac ost like” a
target face. The test has some theoretical strengths (e.g., presemting¥faces from different

angles to lessen focus on individual features; cropping fatgs toveduce reliance on external

cues) and relatively good levels of performance\ifythe ange tested (7-12 years).
However, the test also has several limitatio , there is no published data for younger
children (4-6 years), and pilot testing i lab revealed that younger children (4-5 years old)

had difficulty understanding the of “most like” as opposed to “same”. Therefore, it is
unlikely that the DFPT w xfective and appropriate for identifying atypical face
processing in this ag@ WSecondly, there is no object test available using a similar format,
possibly due to the use of morphed images: while it is technically possible to morph images
of some ob@. g., those used by Weigelt et al., 2014), photographic stimuli can end up

lookingguite unusual or unrealistic.

The lack of object memory and perception tasks is a significant problem in screening
for and diagnosing DP in children: it is vitally important to develop tests of object processing
that are well-matched to face processing tasks in regards to task demands and difficulty, but
to date no well-matched object processing tests have been published that are suitable for

children. Development of these tests is necessary for both theoretical reasons (i.e.,
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understanding the development of face and object processing, Want et al., 2003;
characterising the extent and nature of DP) and diagnostic reasons: without reliable, well-
validated tests, relatively well-matched in format and performance level, it is difficult to
determine whether poor performance in face processing tasks reflects a specific (or
exaggerated) deficit for face processing, or a more general impairment of perceptual
processing or memory. Furthermore, when working with children it is important to %
control tests to rule out potential confounding factors such as difficulty undegst €
task, problems with concentration, or more general memory or perceptual d( ies¢Want

et al., 2003). Ideally, this control test would use stimuli well-matche 2 in several

ways: relatively familiar and interesting to children (preferab Q
sharing a first-order configuration (i.e., same “parts” in Q same place relative to one
another); and not likely to encourage identification le feature (Crookes &

McKone, 2009). Currently, there are no chd

f both sexes);

tests of object perception and memory

that fit these criteria. Consequently, forhis study we developed tests of object memory

(Experiment 1) and matching (E

adopted the format of the CF&

bicycle memory tests. ! 0 Q ome the limitations of the existing perceptual tests, our

matching tests ab
Q The current study

e current study examined face and bicycle memory and matching in a large sample

using children’s bicycles as stimuli. We

alrymple, Garrido, et al., 2014) for the child face and

mple 3AFC simultaneous matching procedure.

of primary school-aged children (5-11 years old). Experiment 1 examined face and object
memory; while Experiment 2 examined face and object matching. We used this data to assess
the psychometric properties of the newly developed tests and provide some provisional norms
for different age ranges. We were also interested in whether any of the tests align well with

other methods of identifying face recognition impairments. Currently, the most common
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method of identifying face recognition difficulties in children is through parental report and,
in some cases, tests of personally familiar face recognition (Dalrymple et al., 2012;
Dalrymple, Fletcher, et al., 2014; Dalrymple, Garrido, et al., 2014; Schmalzl et al., 2008;
Wilson et al., 2010). However, it is unclear whether these are effective methods — no studies
to date have examined the link between parental report and child face recognition abilities, or
the link between familiar face recognition and novel face recognition in children. Adysuch,
Experiment 2 also examined the relationship between different methods of identi &

recognition difficulties: for example, whether parental ratings of face recog@bl y and

children’s identification of familiar faces aligned with more objectivqs dardised tests of

face processing ability. 0

Finally, we used the data to provide an estimate @evalence of DP in primary-

school children. Previous studies estimating the a of DP have focussed on the adult
population, using standardised interviews o ministered to a broad group of
participants unselected for face recog ability (Bowles et al., 2009; Kennerknecht et al.,

2006; Kennerknecht et al., 2008 ilarly, our sample of primary school children was
unscreened and unselecte

recognition abilities, making it suitable to generate a
preliminary estimate, P& children. However, previous studies have focussed primarily
on face processifig, and as such, it is unclear whether the individuals in these samples showed
more ener@difﬁculties with object recognition in addition to face recognition. Given
the incl@Sion of matched object tests, we were able to offer a prevalence estimate for both
general recognition difficulties (incorporating both face and object recognition difficulties)

and face-specific difficulties.
Experiment 1: Face and Object Memory

Methods
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Participants. 277 children in UK primary school Years 1-6 (aged 5-11-years)
completed the face and bike memory tasks. An additional 38 students from Year 1 (aged 5.5-
6.5 years) were tested but their data was unable to be analysed due to errors in data

collection. Parental consent was obtained prior to children participating in the study.

The data were screened prior to inclusion in the analysis, based on background
information and behaviour during the testing session. Prior to testing, parents compl&
consent forms which requested details about medical conditions (e.g., visual T
developmental disorders). Participants who had problems with their visigi®(ctther in the past
or at the time of testing) or who had a diagnosed or suspected deve@g or neurological
condition were excluded from analysis. Further, participants who e not attending to the
tests, who did not speak sufficient English to follow the gtructions, or who appeared to be
pressing random keys throughout the testing al d @ data excluded from analysis. This
resulted in a total of 202 children in the ana the face memory task: 32 year one
students (5.5-6.5 years old; M 6.0 y'; ale); 29 year two students (6.5-7.5 years old; M
6.76 y; 18 female); 37 year t ree@n s (7.5-8.5 years old; M 7.66 y; 21 female); 36 year
four students (8.5-9.5 yea &8.68 y; 12 female); 34 year 5 students (9.5-10.5 years old;
M 9.67 y, 17 female ear six students (10.5-11.5 years old; M 10.70 y; 16 female).
Due to some mi§singglata and some children only completing one of the two tests, a slightly
different sa@f 184 children was included in the analysis for bike memory: 32 year one
studentsf(5.5-6.5 years old; M 6.0 y; 14 female); 26 year two students (6.5-7.5 years old; M
6.61 y; 16 female); 37 year three students (7.5-8.5 years old; M 7.63 y; 19 female); 36 year

four students (8.5-9.5 years old; M 8.68 y; 12 female); 31 year 5 students (9.5-10.5 years old;

M 9.64 y, 15 female); and 22 year six students (10.5-11.5 years old; M 10.53 y; 12 female).

! In many cases, age was reported in whole years rather than exact years and months. As
such, the mean ages reported here are likely to be lower than the actual mean age of children
tested.
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Of these, a subset of 43 children completed a familiar faces task, and 84 parents provided

ratings of their child’s face recognition abilities.
Stimuli and Measures.

Memory tasks. The memory tasks in this study were the CFMT-K (Dalrymple,
Garrido, et al., 2014) and a test of memory for children’s bicycles, exactly matched in format
to the CFMT-K. For both stimulus categories, stimuli were greyscale, static, and x/
equal size. The stimuli in the CFMT-K are faces of male Caucasian childre & from
the Dartmouth Database of Children’s Faces (Dalrymple, Gomez, & D haKOB). All
faces display a neutral facial expression, and have been edited a %d so that no facial

hair, glasses, hair or ears (paraphernalia) could be seen. Bi inuli were extracted from
the webpage of a popular UK online store, COHVCI’tG(@Q@, and edited to remove any
obvious brand or design elements (e.g., distincti ttéfns or logos).

Both memory tests consisted of $hree stages: a learning stage; a test stage with novel

images; and a test stage with nov@ verlaid with visual noise. In the learning stage,

participants were shown a si S lus from three different viewpoints (for faces: facing

left, facing front, faci Q}r bikes: angled left, side view, angled right; see Figure 1).

Each viewpoint ﬁ for three seconds. After viewing all three images, participants
t

were preser@

choos f three stimuli matched the one they just saw by pressing the 1, 2, and 3 keys

hree test stimuli simultaneously onscreen (see Figure 1), and asked to

on the k€yboard. The test stimuli remained onscreen until a response was made. The target
stimulus was always an identical image to one of the three learning images (i.e., the same
side or front view of a face; the same angled or side view of a bike). This was repeated three

times for each stimulus.
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After the learning stage, there was a short revision period in which the learned faces
were shown on the screen for 20 seconds. Following the revision, children completed the first
test stage. In this stage, the format and procedure of the test images was identical to the
learning stage, except that the images showed the faces from novel viewpoints or under novel
lighting conditions, and the correct answer could be any of the faces presented in the learning
phase. After the first test stage, children received another revision period and the ﬁ\w
stage. Once again, the format and procedure for each trial remained the same,as 4
learning and initial test stages, but the stimuli were presented from novel V&%S d

overlaid by visual noise.

Younger children (school years 1-3) completed a shoryer of both tasks — this

involved learning four faces and bikes. The short Versior@otal of 48 trials (12 trials in

the learning stage; 20 in the test stage with nov 'e s; 16 in the test phase with noise

overlaid). Older children (school years 4-6) ed the full version of each task, which
involved learning six faces and bikes. 11 version had a total of 72 trials (18 trials in the

learning stage; 30 in the test sta novel viewpoints; 24 in the test phase with noise

overlaid). Scores (overall xch individual stage) were converted to percentages to

facilitate compariso@ e two versions of the test.

Famii test. A subset of participants who completed the matching or memory
tasks ted a familiar faces test. This test used greyscale photographs of staff
membet§ from the participants’ school, cropped to exclude hair and ears. Photographs were
provided by the staff or school. For each version of the test (i.e., for each school), faces of 10
staff members were chosen (with the exception of one school that only provided seven
photographs). These were presented alongside 10 distractor faces, which were matched as
closely as possible in age, sex, and race to the staff faces. The photographs were presented

onscreen in a random order, and participants were asked if the person was familiar, and if so,
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could they name the person. Stimuli remained onscreen until a response was made, and
responses were recorded by the researchers. Scores for correct identification of familiar faces
and rejection of unfamiliar faces were converted to d” (with loglinear correction for extreme
values; Stanislaw & Todorov, 1999), a bias-free measure of sensitivity (McMillan &

Creelman, 2005).

Parental report rating. Prior to testing, children were provided with an info%
and consent form for parents to complete and sign. Part of this form asked pz?r e
their children’s face recognition skills on a scale of 1 (Poor) to 5 (Excellefit). go assist with
the rating, the following anchor points were provided: 1: Struggles 1se people when
seen out of context or external features such as hairstyle or glagses age changed; 3:
Occasionally struggles to recognise people when seen m@text or external features are
changed; 5: Always recognises faces, even whe as only been seen once before or

has dramatically changed in appearance.

Procedure. The majority of ¢ @ were tested at their primary school. A small

minority of children who to n the memory tasks completed the tasks in a lab as part of

a larger study. Prior to tes @ ormation and consent forms were distributed by the school.
These forms (includ@en 1 report rating) were collected on the day of testing. The
participants ght into the research session in small groups and briefed about the
tasks! Qtions to the tasks were presented to all participants before the tasks began
and explained verbally by the researchers. Each child completed both the face and bike
versions of the memory tasks and, in most cases, the familiar faces test. Order of the tasks
was counterbalanced across participants. Tasks were completed either on a laptop or desktop
computer, and participants sat approximately 80cm away from a computer screen where the

tasks were presented. While the participants completed the tasks, they were monitored closely

by the researchers to ensure they were following the instructions and attending to the tasks.
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Participants were rewarded with stickers for completion of each test. At all times during
testing, the ratio of researcher to participant was a minimum of 1:3. Ethical approval was

granted by the School Research Ethics Committee at Bournemouth University.

Results

The initial aim of this study was to examine whether currently existing memory tasks
are appropriate for screening for, and potentially diagnosis of, developmental proso%a
in children. As such, our first step was to examine the general pattern of pert%\ ross

the face and bicycle memory tasks, and to assess their psychometric pro &— specifically,
we were interested in the developmental trajectory of face and obj & in childhood;
whether any of the tasks showed floor or ceiling effects in an@up; the reliability of the
tasks; and the relationship between face memory and oth easures of face recognition

ability. Finally, we used the dataset to derive a ed estimate the prevalence of DP

in children at various ages.

Throughout the results, childrgfWere split into different age groups and analysis was

Overall perform riptive statistics for the face and bicycle versions of the
memory tasks, inclu@Q standard deviation, and summary information on distribution,
can be found in {{'able I. Frequency distribution graphs for each year group are presented in
the S le@material. The means for the four item version of CFMT-K in this study are
quite sifilar to those found by Dalrymple, Garrido et al. (2014) in age groups where the tasks
overlap: for example, in their sample 7 and 8 year olds had an average score of 59.0% and
70.2% respectively; in the current sample Year 2 and 3 students (roughly equivalent in age
range) average scores were 64.9% and 72.3%. Unsurprisingly, overall performance for both
face and bicycle tasks dropped slightly when the six-item test was introduced (Year 4, around

9 years old). Performance in the six item version was somewhat lower than previous work:
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the sample of 10 and 11 year olds tested by Dalrymple, Garrido, et al. (2014) had an average
score of 84.7% and 78.4%, compared to 64.7% and 69.9% in the current sample of Year 5
and 6 students. This may be an artefact of testing environment (classroom compared to lab) —
while every attempt was made to keep the classroom testing quiet and controlled, the simple
fact of having multiple children in the room at once, and the fact that the rooms were
generally classrooms, school libraries, or computer rooms (which generally contain tmere

O

some children. Alternatively, the discrepancy may reflect the difference be\Ql

visual clutter than a typical lab) meant the environment could have been morg d

unselected school sample and a self (or parent) selected lab sample t@ enough to visit
a university lab.?
Despite these relatively low scores, one-sample 7-t€s erroni corrected for

multiple comparisons) conducted on the overallgcor€s hE¢ memory tests confirmed that

participants across all age ranges were per in@abeve chance levels (33.3%) and below

ceiling (100%). The ¢ tests revealed nofloor or Seiling effects in any age group, all ps <
.0005, suggesting that our results er from a restriction of range problem.

One of the main aims ‘ady was to create an object memory test that was
matched in difficulty to tf cé memory test, since it can be very difficult to compare
performance acr @nt object categories without matching tests for difficulty in at least
one age grofip ( elt et al., 2014). To determine whether the tests were actually well-

matc ifficulty, we compared performance on the face and bicycle tests for the Year 3

2 Certainly, children who completed the tests in our lab scored somewhat higher than their
school-based counterparts: there was an average difference of 6% for Year 1-3 students, and
11.37% for Year 4-6 students. However, the lab sample was relatively small (N < 10 per age
group), and therefore statistical comparisons between the groups lacked power to detect

differences.
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and Year 4 students. These age groups were selected based on Weigelt et al.’s rationale that
matching performance on a middle age group is most likely to avoid spurious age effects (this
also had the advantage of matching performance in both versions of the tests). Paired ¢ tests
revealed that overall accuracy between the bikes and faces did not differ in either group: Year

3:429)=1.78, p=.085,d = 0.32; Year 4: #30) = 1.89, p =.068, d = 0.34.

TABLE 1 ABOUT HERE x
Relationship between age and face and object memory. Having establi at the

face and bicycle tasks were matched for difficulty and did not suffer from I&a iling

effects, we carried out a mixed ANOVA with age group (Year 1, 2, E as a between

subjects factor and stimulus (face, bicycle) as a within- subjec%
the pattern of results for faces and bicycles differed. Th Q evealed a significant main
effect of stimulus, F(1, 144) = 20.99, p < .0005 .4 ecting the fact that average

scores on the bicycle memory task, M =7

examine whether

03, were significantly higher than

scores on the face memory task, M = 5, 8D 17.63. There was also a significant main
effect of age group, F(5, 144) =4 05, n? = .14, reflecting a gradual increase in
scores between Years 1 and s 4 and 6, although the majority of pairwise
comparisons betwee s were not significant after correction for multiple

comparisons. NQ e was no interaction between age group and stimulus, F(5, 144) =
2,

0.73,p = 6

eliability. Reliability of the tasks was assessed in two ways: first, we examined

suggesting that the effect of age was similar for both face and bicycle

correlations between the two test stages of each format of the task; secondly, we calculated
the internal consistency of the tasks using Cronbach’s alpha. As participant numbers were not
sufficient to perform many of the analyses separately for each year group, data for younger

children (years 1-3) and older children (years 4-6) were collapsed.
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Correlation between test stages. This method of assessing reliability has been used
frequently in other tasks that have adopted the CFMT format (e.g. the original CFMT,
Duchaine & Nakayama, 2006; Bowles et al., 2009; the CFMT-C, Croydon et al., 2014; the
Cambridge Cars Memory Test or CCMT, Dennett et al., 2012), and examines whether the
two test phases measure distinct or overlapping processes (i.e., does adding visual noise
change the perceptual, mnemonic, or decision process). Correlations were calculate\
separately for each version of the tasks (short and full), collapsed across age gr

Performance in the two test phases of the face memory task was sigfiifica

correlated in both the short and long versions of the task, short: r(86E= @< .0005; long:

r(89) =.78, p <.0005. These relatively strong correlations aresi% ifsize to those
reported for the adult CFMT (r = .74, Duchaine & Naka ;r=.73, Bowles et al.,

2009), and higher than that reported for the CF T-(@ ; Croydon et al., 2014).

Likewise, performance in the two t f the bicycle memory task was

significantly correlated in both the shofgand long versions of the test, short: 1(83) =.71, p <
.0005; long: 7(72) = .69, p <.000

Internal reliability. B& ions of the CFMT-K showed good internal consistency,
short: Cronbach’s o = 0.9 png: Cronbach’s oo = 0.92. These results are comparable to
previously repo @ for the CFMT-K (a = 0.89 for both versions; Dalrymple, Garrido,
et al., 2014)f an adult version of the CFMT (a = 0.89; Bowles et al., 2009). The bicycle
mem as similarly high internal consistency, short: Cronbach’s a = 0.91; long:
Cronbach’s a = 0.88. For all scales, item analysis revealed no individual items where removal
would improve the reliability of the scale. As such, all four versions of the memory tests meet

the basic standards for reliability of clinical tests (o > 0.85) as laid down by Aiken (2003).

Relationship between face memory and other measures.
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Measures of face recognition. Descriptive statistics for the familiar faces test and
parental ratings of face recognition abilities are shown in Table 2. It is notable that no parents
reported poor face recognition skills in their children — all ratings fell between 3 (average)
and 5 (excellent). Performance on the short and long versions of the CFMT-K did not
correlate with parental report of face recognition skills, short: #(40) = .166, p = .312; long:
r(30) = .00, p = .998. Given the small number of participants in these samples and tl\

extremely limited range of the parental report scale, it is possible that these correle

underestimate the true relationship between parental report and face memorya D he very

small number of participants who completed both the memory taské@iar faces test,

we were unable to examine the relationship between face men@ miliar face

recognition in this sample. Q
Face and bicycle memory. Both the sho an% sions of the memory tasks

showed significant correlations between f:

memory scores, short: 7(77) = .46, p <
.0005; long: 7(73) = .34, p = .004. Alt h theSe correlations are significant, they are
relatively weak, similar to the co ound between object and face memory tests in the
adult population (e.g., CFM'& T r= .37, Dennett et al., 2012).

Q TABLE 2 ABOUT HERE

PrevaleQ memory impairments in children. The standard diagnostic

criterion fo#pro nosia in the adult population is performance >2 SDs below the mean for

ptrol sample (Bowles et al., 2009), although some research groups use a less
conservative criterion and include individuals who show performance > 1.7 SDs below the
mean (e.g., DeGutis et al., 2012). Based on these criteria, the cut-off for suspected
impairment for each age group (percentage correct for -2 SDs and -1.7 SDs) is presented in
Table 3. Despite all tests showing relatively good psychometric properties, the large amounts

of variability in the younger age groups combined with lower overall scores, resulted in the
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more conservative cut-off being below chance levels of performance (33.33%) for some age
groups — specifically, Years 1, 2, and 5 (see Table 3 for z-scores for chance performance in
each age group). For Year 1 children, even the less conservative cut-off fell below chance.
Similar results were obtained when estimating cut-off scores for impairment using alternate
techniques such as the percentile rank method (Crawford, Garthwaite, & Slick, 2009; see
Supplemental material for further details). Even children with severe face processingdeficits
may be expected to perform at or slightly higher than chance levels — conseqye %
students were excluded from the prevalence estimates. The remainder of thﬁec cusses

only on the remaining groups of children (n = 170). Year 2 and 5 s%r)@) scored more
a

than 1.7 SDs below the mean were included in the prevalence %

should be interpreted with caution. Q
TABLE 3 A U’@

Table 4 provides details of the indi

ut their results

that fell below the cut-off scores for

either of the face processing tasks. TheSg are represented graphically in Figure 3, and in the
frequency distribution graphs inc ¢ Supplemental material. Only one individual (a
child in Year 6) met the strict@gitctiofl for face recognition impairment (> 2 SDs below the
mean); another five chi t the less conservative criterion of > 1.7 SDs below the mean
(Year 2: 1 child; z@chi dren; Year 5: 1 child; Year 6: 1 child). This leads to a
prevalence @ f between 0.59% and 3.53%, based purely on face memory ability.
TABLE 4 ABOUT HERE

ce-specific memory deficits. As mentioned in the introduction, a well-matched
object recognition test can act as an effective control measure, allowing researchers to
identify children who have specific or disproportionate difficulty with one class of objects.

To identify how many of the above cases show a disproportionate difficulty with faces, we

examined their scores on the bicycle tests. Results are shown in Table 4. All but one of the
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six cases that showed moderate to severe impairment in the face memory task performed in
the normal range on the bike memory task (< 1.7 SDs below the mean; represented as red
circles in Figure 3), while one case (W_13, a child in Year 3) showed a severe problem with
bicycle memory in addition to face memory. In other words, only one of the cases could be
considered to have a more general object recognition deficit; or showed difficulties with
attention, task instructions, or other general performance factors, relative to their agégroup.
This leads to a prevalence estimate of between 0.59% and 2.94% for face-spgcifig

FIGURE 3 ABOUT HERE

Discussion Q
The face and bicycle memory tasks show approp? f difficulty for

examining memory in children, at least in a typigal . They show no evidence of

floor or ceiling effects in children from 5- ar§jofage, and are well-matched in difficulty

in the middle of this age range (7-8 yeats), and Show high reliability. Both tasks appear to
show a similar pattern of results ge range tested, suggesting that face and bicycle
memory show a similar deve ztraj ectory (Crookes & McKone, 2009; cf Weigelt et
al., 2014). The CFM ot correlate with parental report of face recognition abilities,
and shows a mo @ﬁon with bicycle memory.

Unfgrtu chough, the face memory tests show limited effectiveness for
identi es of developmental prosopagnosia in young children: the standard diagnostic
criteria 0f > 2 SD below the mean falls below chance levels for children below 7.5 years old.
These figures are in agreement with Dalrymple, Garrido, et al. (2014), who found similar
floor effects for the CFMT-K in children younger than 8 years of age. We also found

surprisingly poor performance in Year 5 children (9.5-10.5 years), which suggests that future

screening studies should consider using the easier, four-item version of the test in this age
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group. Our results also suggest that researchers aiming to examine face recognition ability in
children should use caution when interpreting low scores for these age ranges: while an
individual child may not score in the “impaired” range for their age group, a score within the
“normal” range may not rule out the presence of face recognition difficulties. In these cases,
researchers may wish to adopt a less stringent criterion for impairment (e.g., > 1.7 SDs below
the mean or the 5™ percentile for the age group) for screening, and follow up potent'@s
with alternative testing methods (see General Discussion). *

Based on the remaining sample, our results suggest that between 0. h@s. o of

children may show difficulties with face recognition. While this fig @dly in line with
6 20009;

previous prevalence estimates in the adult population (e.g., Bow
Kennerknecht et al., 2006), the exclusion of the younges@ and resulting low sample
size suggest that it may not reflect the true prop, tio@ ren who show difficulties with

face recognition. Face perception tests ma ppropriate screening tool in this

population for several reasons: firstly, the face perception system may be mature earlier than

the face memory system (Weigel@‘ 4); secondly, matching tests have less cognitive

demands than memory tests,&
our younger age grouiEiQuently, Experiment 2 examined performance and prevalence

rates based on f: ycle matching tasks.

ey and may avoid the kind of floor effects found in

Experiment 2: Face and Object Matching
Meth
rticipants. 547 children in UK school years 1-6 (aged 5-11-years) took part in this
study. As for the memory tasks, parental consent and background information was obtained
prior to children participating in the study. The data were screened to exclude participants

who had problems with their vision and those with a diagnosed or suspected developmental
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or neurological condition. Participants who were not attending to the tests®, who did not
speak sufficient English to follow the instructions, or who appeared to be pressing random
keys throughout the testing also had their data excluded from analysis. This resulted in a total
of 413 children included in the analysis for the matching tasks: 83 year one students (5.5-6.5

years old; M 5.94 y; 44 female); 83 year two students (6.5-7.5 years old; M 6.80 y; 37

female); 61 year three students (7.5-8.5 years old; M 7.76 y; 30 female); 76 year fo%nts
(8.5-9.5 years old; M 8.87 y; 41 female); 52 year 5 students (9.5-10.5 years gld; ) @‘ , 21
female); and 58 year six students (10.5-11.5 years old; M 10.73 y; 34 fema N

children completed a familiar faces task, and 402 parents provided %@heir child’s

face recognition abilities.

g, 378

Stimuli and Measures. The face and bike matchj ere exactly matched in

format, and used stimuli extracted from the memoryffa ch test consisted of 30 trials of a

3AFC simultaneous matching task. A targ as shown at the top of the screen,

along with three test stimuli at the bott@m of thé%creen. The target and test stimuli differed in
viewpoint and/or lighting conditk@ ent simple image matching. The target stimulus
was always the same viewpo

stimuli always shared @viewpoint and lighting conditions (e.g., all test faces in a

single trial were Q‘ ing rightwards). There were six target stimuli, each displayed five

1 for faces, side view for bicycles), and the three test

times per tegt. trial, participants were asked to choose which of the test stimuli was

ity as the target stimulus, and to respond using the 1, 2, and 3 keys on the

3 The decision to exclude based on attention was made either based on researchers’
observations at time of testing, or if a child responded faster than 300 msec to 10 or more

trials on either the face or bike matching test.
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Trials on which the reaction time was less than 300msec were excluded from analysis,
on the basis that the child was not paying attention (or looking at all the stimuli) on that trial.
This resulted in the removal of less than one trial per child on average (faces: M = 0.28 trials,
SD = 1.06; bicycles: M = 0.30 trials, SD = 1.19). If 10 or more trials were excluded in this
manner, the whole participants’ data was removed from the analysis, under the assumption
that they were not paying attention for a significant portion of the test. Scores were ved

to percentages based on the final number of trials included in analysis. *

Familiar faces tests and parental ratings were identical to ExperiG&

Procedure. The procedure was identical to Experiment ¢ ren completed both

the face and bicycle versions of the matching tests, along miliar faces test (order of

tests was counterbalanced). Parental ratings were pr% consent forms.

Results

Results for the matching tasks ored those for the memory tasks. Since a higher

number of participants also com

were also able to examine th&

both in the general sa or individual cases who showed difficulties with face

amiliar faces tests and parental rating scale, we

ship between these measures and the matching task,

recognition.

OV@Qrmance. Descriptive statistics for the face and bicycle versions of the
memo , including mean, standard deviation, and summary information on distribution,
can be found in Table 5. Frequency distribution graphs for each year group are presented in
the Supplemental material. Unlike the memory tasks, all participants completed the same
version of the matching tests.

Due to significant departures from normality, scores on matching tests were trimmed

and transformed prior to analysis (with the exception of the reliability analyses). Participants
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who scored less than 25% correct on either test (five children in total) were excluded from the
analysis on two grounds: firstly, these results were outliers for all age groups; secondly, these
participants were performing distinctly below chance levels (33%), which may indicate a
fundamental misunderstanding of the task requirements. Subsequently, the data underwent a
square root transformation (including reflection). Descriptive statistics and summary
information on distributions of the transformed data are available in the Supplemen(\
material. All numerical data reported in the results section has been retransformeg @ e
original scale (percentage correct). K\

One-sample t-tests (Bonferroni corrected for multiple compai corrected p <
.004) were conducted on the overall scores for the matching test rm that participants
across all age ranges were performing above chance IGVQ and below ceiling
(100%). As in the memory tests, the ¢ tests revealed fio r ceiling effects in any age
group, all ps <.0005, suggesting that our in Its do not suffer from a restriction of
range problem.

As in the memory tasks, z compare the difficulty level of the tests for the

middle of our age group (Ye&

between the bike and faccwmatghing tasks did not differ in either group: Year 3: #60) = 1.00,

students). Paired 7 tests revealed that overall accuracy

p=.323,d=0.1 #(76)=1.84,p=.069,d=0.21.
TABLE 5 ABOUT HERE
ionship between age and face and object matching. As in the memory tasks,
we carrieéd out an ANOVA and separate regressions to examine how performance on the face
and object tests compared, and how it changed across the age range tested.
A mixed ANOVA with age group (Year 1, 2, 3, 4, 5, 6) as a between subjects factor

and stimulus (face, bicycle) as a within-subjects factor revealed a significant main effect of

stimulus, F(1, 402) = 4.70, p = .031, 12 = .01, reflecting the fact that, on average, participants
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were significantly better at matching faces (M = 82.53, 95% CI: 81.12-83.88%) than bicycles
(M =280.61, 95% CI: 79.12-82.06). There was also a main effect of age, F(5, 402) = 48.68, p
<.0005, n?> = .38, reflecting a gradual increase in performance for older participants. Pairwise
comparisons (Bonferroni-corrected) showed that in general, younger children performed
worse than older children, although frequently the pairwise comparisons for adjacent age
groups were not significant (e.g., Year 2 students performed significantly worse tha%&

5, and 6 students, ps <.0005, but not Year 3 students, p = 1). As in the memgyry % ere

2 _

was no significant interaction between stimulus and age group, F(5, 402) &X A5, =

.01, suggesting that the age-related gains in face matching perform@@riven by

similar processes to those underlying bicycle matching.
To examine the effect of age on matching perfm@ carried out separate
regression analyses on the face and bicycle versi ns@ ks. In the face matching task,

p <.0005, accounting for 25.4% of the

age significantly predicted scores, F(1, 40
variance in performance. Each additional schooByear resulted in an average 5.60% increase
in face matching scores.

The bicycle task shm&@ar pattern of results: age significantly predicted

bicycle matching scor:EE 8) =162.84, p <.0005, accounting for 28.6% of the variance

in performance. o the face matching task, each additional school year resulted in an
average 6.14% 1 se in scores.

ility. Both the face and bike tasks showed high internal validity, faces:

Cronbach’s a = .87; bikes: Cronbach’s a = .86. For both scales, item analysis revealed no

individual items where removal would noticeably improve the reliability of the scale.

4 Since transformations alter the relative distance between datapoints, 95% CIs are reported
rather than SDs to provide a more accurate representation of the distribution of data after

retransformation.
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Relationship between face matching and other measures. A summary of
performance on the familiar face recognition test and parental ratings of face recognition for
each age group are shown in Table 6. The relationship between face matching scores and
each measure is also shown for each age group.

Familiar faces test. Scores on the face matching task were significantly, albeit
weakly, correlated with performance on the familiar faces test, #(374) = .20, p < 00 It is
unlikely that this correlation was artificially limited by restriction of range, a@ e
youngest children (who also showed the lowest recognition d”) performed ﬁ better

than chance (d’ = 0), #82) = 9.88, p <.0005, d = 1.08; and the yeaé (who showed
1)

the best recognition rates) did not perform at ceiling levels (d@

0005, d=1.71. Q
Scores on the bicycle matching test alsogorr h the familiar faces test to a

similar degree, #(374) = .19, p <.0005, whi

=-1238,p<

that the link between face perception

and performance on the familiar faces test was 1ot face-specific. Partial correlations showed
that the relationship between fam ecognition and both matching tasks disappeared
when age was controlled for: @hmg and familiar faces » = .02, p = .689; bicycle
matching and familiar 02; p = .768. This suggests that the (weak) relationship
between familia égmtlon and both matching tasks is a by-product of general
cognitive dgve o — it is likely that older children were simply better at concentrating,
focus ipvisual attention, and following instructions; and this lead to a general increase
in perforthance across multiple tasks.

Parental report. Similar to the face memory test, parental report of face recognition
skills did not correlate with performance on the face matching task, #(397) = .048, p = .340.
Once again, the vast majority of parents (400/402 valid datapoints) rated their child as having

average (3) to excellent (5) face recognition abilities. No parents rated their child as having
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poor face recognition ability, and only two children (one in Year 1; one in Year 6) received a
parental rating of 2. Neither of these children demonstrated poor objective face processing
skills (Year 1: face matching z = 1.10, familiar faces z = 0.36; Year 6: face matching z =
0.16, familiar faces z = 0.82).

Face and bicycle matching. Correlations between face and bicycle matching for each

individual age group are shown in Table 5. Overall, scores on the face and bicycle n@g

O

tasks correlated significantly, 7(408) = .46, p <.0005, even after age was pargial
.26, p <.0005. The correlation between matching tests was a similar magm&
correlations in the memory tests: a Fisher r-to-z transformation co the zero-order
correlation was not significantly different to that found for eithe éof the memory test,
ps>.15.
TABLE 6,AB E
Prevalence of face matching defiefitsyin children. The cut-off scores for suspected

impairment for each age group (retran ed percentage correct for -2 SDs and -1.7 SDs,

and z-scores for chance perform own in Table 7°; cut-offs based on the percentile

rank method are presented n emental material. Similar to the memory tests, the cut-
off scores for the you e&%%roup (year 1: 5.5-6.5 years) were below chance levels of
performance (33 @ these participants were excluded from the prevalence

5> While an iadivilual child may be classified as above/below the quoted cut-offs from raw

scores ‘@bne, due to the nature of transformed scores (which change the relative distance
between scores) we would not recommend estimating the magnitude of difference from the
mean (i.e., z-scores or similar) based on an individual’s raw score. Researchers wishing to
quantify results for individual cases should either apply appropriate data transformations or
rely on the percentile rank method (Crawford et al., 2009; see Supplemental material for

more details).
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estimates, and the subsequent analyses focus only on Years 2 - 6 (n = 329). As in the memory
tasks, the more conservative cut-off for Year 2 students fell below chance levels. However, as
the less conservative cut-off was still above chance, children scoring more than 1.7 SDs
below the mean were retained in the prevalence estimates, but interpreted with caution.
TABLE 7 ABOUT HERE
Table 8 provides details of the individual cases who fell below the cut-off sc

the matching task; Figure 4 plots these cases graphically. A total of six chlldgn ) e S rlct
criterion for face recognition impairment (> 2 SDs below the mean). These ses pread
fairly evenly across the age range tested (Year 2: 1 child; Year 4: % ear 5:2

children; Year 6: 1 child), suggesting that difficulties with face r n are not more

common or more apparent within a particular age group. Q 4 children met the less
hil

conservative criterion, > 1.7 SDs below the me (Y% ildren; Year 3: 5 children;

Face-specific deﬁcits& of the six cases who showed severe impairment on the
face matching task per the normal range on the bike matching task, and a single
case showed co- evere impairment in the bike matching task (z = -2.52). Ten of the
14 cases whi s moderate impairment in the face matching task also performed within
the n ge on the bike matching task. In total, then, between 1.52% and 4.56% of
childrenShowed face-specific perceptual deficits. These are represented as red circles in
Figure 4. The remaining five children (represented as green triangles in Figure 4) may show a
more generalised perceptual deficit, or could have simply had trouble with the task — further

testing with different measures would be necessary to establish why each individual

performed poorly across multiple tests. As can be seen from Table 8 and Figure 4, the level
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of face recognition deficit did not have a straightforward relationship with bicycle recognition
problems — while it is true that the most severe face recognition deficit was accompanied by
the most severe object recognition deficit (P5_05), in general, the cases who showed more
general object recognition problems did not show more severe perceptual problems than

those who showed a face-specific deficit.

FIGURE 4 ABOUT HERE x
Converging measures. The majority of child DP cases reported in theylit to date

have been referred to researchers via parental report and, until recently (e. g@u ,

Garrido, et al., 2014), familiar faces have formed an important part diagnostic battery.
Similarly, in adults, both self-report and multiple measures offa@ ition ability are
commonly taken into account when diagnosing DP (e. g.@l al., 2011; De Gutis et al.,

2012; Palermo et al., 2011; Yardley et al., 2008 ), H 1t is unclear whether these are

reliable measures, particularly in the case JThe lack of correlation between face

matching and parental report, and the rélatively $mall correlation between face matching and
familiar face recognition, suggest measures are not reliable at predicting
performance within the gene& tion. However, they may be more reliable at
identifying cases at thi !o d of the face recognition spectrum.

As can b@ Table 8, none of the cases identified as having face matching
difficulties @ low rating (1 or 2) on the parental report scale, and only one of the

ed as having face matching difficulties showed a co-occurring deficit in the

familiar Yaces recognition task (P2 _15). As such, it appears that parental report and familiar
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faces tests (at least those involving faces of teachers) do not reliably predict poor
performance in standardised tests of face matching.®

Prevalence of face processing difficulties across memory and matching tasks.
Combining the two different types of test (memory and matching), 1.40% of children (n = 7)
showed severe face processing difficulties; 5.21% (n = 26) showed moderate to severe
difficulties. The lower end of this estimate is generally in line with prevalence esti sin

the adult population (2-2.9%, Bowles et al., 2009; 2.47%, Kennerknecht et a‘,

less conservative estimate is somewhat higher. This may simply reflect mr@

recognition performance in children: the cut-off points for the strict 2't onjare close to or

below chance in some instances (particularly in younger age gro ich may mean more

cases of DP fall into the “moderate” impairment range (> elow the mean). However,

this may also be because this estimate conflatesthre s'of children who performed

poorly on the face recognition tests: those ed poorly due to lack of attention or

problems understanding the requiremefits of the%asks; those that performed poorly due to
general perceptual or mnemonic nd those who truly show a face-specific deficit.

While previous DP prevalen&' ave not specifically examined object recognition (i.e.,

they may have also con Q e latter two groups of individuals), it is less likely that poor

requiremen

the ¢ y. When children with co-occurring object recognition deficits are excluded,

® Unfortunately, familiar face score and parental ratings were not available for the
majority of the children who showed face memory difficulties, so we were unable to

determine whether these measures were a more effective predictor of memory difficulties.
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1.20% of children (n = 6) showed a severe, face-specific deficit; 4.01% of children (n = 20)
showed a moderate to severe face-specific deficit.
Discussion

The face and bicycle matching tests are of an appropriate level of difficulty for
examining perception in primary school children. As in the memory tests, they show no floor
or ceiling effects, and are well-matched for difficulty in the middle of the age range &gsted (5-
11 years). Both tests show a similar, linear developmental trajectory, further gu Xﬁ
hypothesis that face and object matching improve with age as a result of ge& ghitive

development, rather than face-specific mechanisms (Crookes & M%@% Want et al.,

2003). Both the face and bicycle matching tests show high reliabili they appear to

draw on partially overlapping mechanisms (as indicated@ icant correlation).

g@ ace and object perception rely to

the input of face-specific processes.

However, the moderate size of this correlation

some extent on discrete mechanisms, perh
Face and bicycle matching correlate vety weaklypwith familiar face recognition, but this is
most likely driven by the fact tha asks improve with age, rather than a reflection of
the overlap between the task zes.

report and face matchi: é@ either in the general population or in individual children who

performed poorl e recognition tasks. In sum, the face and bicycle matching tests

There is no apparent relationship between parental

show good gsyc tric properties, and avoid floor effects across most of the age-range
teste , they are appropriate tools to detect potential face recognition deficits in
children¥Due to the non-normal distribution of scores for most ages groups, we would
suggest that researchers who wish to make single-case comparisons use the percentile rank
method (Crawford et al., 2009) — cut-offs are provided in the Supplemental material, and the

information needed to calculate a child’s exact percentile is available from the authors on
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request (or can be calculated from the frequency distribution tables, also in the Supplemental
material).

Based solely on the matching tests, the upper estimate of prevalence of face
recognition difficulties in children is higher than previously reported in adults: over 4.5%
showed a face-specific deficit; and if results on object tests are not taken into account, over

6% of children show a substantial difficulty with face recognition. These figures remai
le

by

CyEre

relatively stable even when the data from the memory tests is included (resulging

of 499 children): across the entire sample, over 4% of children showed moderate

face-specific recognition problems; if we include children who alsc%@ore general

problem with object and face recognition, this figure rises to ove

General DiscussimQ

Developmental prosopagnosia is a disordeéso ecognition that is thought to affect
around 2-3% of the adult population (Bowl 2009; Kennerknecht et al., 2006).
However, to date there have been no that have looked at the prevalence of DP in

children. In this study we exami ¢ and object recognition in primary school children
(aged 5-11 years). Betwe &nd 5.2% of our sample performed poorly in face

recognition tasks, a 2% to 4% of our sample showed deficits in face recognition

in the presence @f nommal object processing — in other words, a face-specific deficit.

Qsample is not sufficiently large to provide a precise estimate of DP in
childho@d, these figures provide the first approximation of the percentage of children who
might struggle with face recognition in general life. When object recognition is not taken into
account (i.e., the 1.2-5.2% figure), the higher rate of face recognition difficulties children in
general no doubt reflects the fact that some children simply did not understand or were not
engaged with the tasks. While we attempted to exclude these cases (based on both

observation and patterns of results), it is possible that some were still included in the final
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sample and led to inflated estimates of general recognition difficulties. As such, 5.2% should
be considered a very high or upper-bound estimate of face recognition deficits in this age
group. In contrast, the estimate of face-specific deficits in children (i.e., 1.2%-4%) is likely to
be lower than the actual number of children who meet the criteria for DP: while there are a
number of reports of face-selective deficits in DP (e.g., Dalrymple, Garrido, et al., 2014;
Duchaine & Nakayama, 2005; Lee, Duchaine, Wilson, & Nakayama, 2010), many 0@‘

2007; Dalrymple, Garrido, et al., 2014; Dalrymple et al., 2012; Behrmann etial., 200

Consequently, 1.2%-4% could be considered a conservative or loweg@stimate of face

recognition difficulties in children. 0
Prevalence of DP in children and adults Q

The upper range of the prevalence estima'

DP in adults and children show co-occurring object recognition deficits (Dugha

dren — are relatively high

compared to those found in the adult pgpulati -2.9%). While some of this discrepancy

could be accounted for by lack of eng ent in the tasks, even the more conservative

estimate (including only fac 1cdeficits) — is noticeably higher in the current study

when compared to past r owles et al., 2009; Kennerknecht et al., 2006;

Kennerknecht et al., 8

have not incg@ahed object recognition tests — in other words, their estimates are likely

to be

is is particularly notable given that other prevalence studies

ative and include both face-specific and more general object recognition

deficits

The difference between our results and previous research may be because only one of
these studies (Bowles et al., 2009) used behavioural measures of face recognition ability.
Other research on prevalence has relied on self-report questionnaires followed by semi-

structured interviews (Kennerknecht et al., 2006, 2008), which could be subject to completion
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or response biases (especially in a highly competitive population such as medical students,
who made up a large portion of the cohort in both studies) — indeed, the authors acknowledge

that their estimates should be considered minimal prevalence (Kennerknecht et al., 2006).

Alternatively, it is possible that the current results overestimate the number of
children with face recognition difficulties, potentially due to the use of matching tasks rather
than memory tasks in the majority of the sample. Some of the children who perform%rly
at face matching may have shown minimal or no impairments in face memo s
through the use of compensatory strategies — and consequently, these chiddrefiynay not
represent true cases of DP. However, cognitive models of face perg€pti .., Bruce &

Young, 1986) suggest that intact face perception skills are ne@for successful face

recognition — in the absence of unusual strategies, poor pereeption should make it

difficult to extract a viewpoint and expression i 1 resentation of the face to store for

future encounters (or match to a previously . On the other hand, it is possible for

individuals with DP to show poor me

Bate et al., 2014; Bennetts e al.,@

model, we would expect ests to be more conservative than traditional memory-

in the context of typical perceptual abilities (e.g.,

s, Eimer, Gosling, & Duchaine, 2012). Based on this

based tests of face r iti6fl. Furthermore, recent research has suggested that face

perception mec@s mature earlier than face memory mechanisms (Weigelt et al., 2014),
whic ea@it may simply be easier to detect abnormal performance in matching tasks
(i.e., bing on relatively mature processes) compared to memory tasks that may still
be developing. Finally, while the majority of cases reported in the literature rely on memory
tasks in the diagnosis of DP, adult prevalence estimates have included cases that have been
identified solely on the basis of perceptual deficits (Bowles et al., 2009) — as such, our

inclusion criteria are reasonably comparable with previous work.
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Finally, it is possible that more children than adults experience difficulties in face
recognition. This does not imply that all of these children should be classified as having DP:
some children may simply show a delayed developmental trajectory for face recognition
abilities, and in time these individuals may “outgrow” these deficits and catch up to their
cohort. Other children may develop effective compensatory strategies that allow them to
identify faces with a relatively normal level of accuracy (e.g., focussing on individu%

parts). Given that the levels of face recognition problems did not decrease with ag @ e

current sample, these processes presumably occur later in development, po@w

adolescence. Longitudinal studies of individual cases may help to d ine What proportion

of children outgrow or bypass their difficulties with faces, and theisfhere are any

characteristics that can distinguish between these cases ap 11di als who continue to
struggle with face recognition in adulthood. %
Screening for and identification of face r ition deficits in children

Given the relatively high num @ hildren who show face recognition difficulties,
and the potential negative ¢ nces such as social difficulties and safety concerns, it is
crucial to develop effecti ods of identifying individual cases. Early detection of face
recognition problem@po nt for our theoretical understanding of typical and atypical
visual devel well as the development and implementation of interventions that

Qe recognition skills (Bate & Bennetts, 2014) or help mitigate negative

coul

socio-emotional consequences.

To date, the vast majority of the cases of DP in children reported in the literature have
been brought to researchers’ attention via parental report, and validated through tests of
familiar faces recognition (e.g., Jones & Tranel, 2001; McConachie, 1976; Schmalzl et al.,

2008) or, more recently, tests of face memory and perception (e.g., Brundson et al., 2006;
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Dalrymple, Garrido, et al., 2014; Wilson et al., 2010). However, our results suggest that
parental ratings of a child’s face recognition ability may not be a reliable method of screening
for face recognition deficits, at least in this simplified form. In the overall sample that
completed the matching tasks, parental ratings did not correlate with objective measures of
face recognition. Even within the sample of children who performed poorly on the face
matching tests, no parent rated their child as being poor at face recognition. This m@e
to the nature of the question, which focussed on children’s ability to recognige fag @
different contexts, and with different external features. However, the face rﬁ

matching tests used in this study did not ask children to identify fao% ferent

hairstyles or in different contexts, and it is possible that the discg

performance arose because the measures do not tap overlapp

etween ratings and
Is in children. However,
this question was chosen because many individuals @ eport failures of face

recognition under these circumstances (D 1), suggesting a relatively good

relationship between these skills and standard faee recognition tests in adults with face

recognition difficulties.

An alternative ex that most parents do not have accurate insight into their
child’s face recogm s, which could mean that many cases of DP in children go
unidentified. Tl0 entirely surprising — even when children have been objectively
confizmed t@ DP, many parents struggle to understand the experiences of a child with
DP andi¢an show doubt about their impairment (Dalrymple, Fletcher, et al., 2014).
Furthermore, even adults show poor insight into their face recognition skills: Bowles et al.
(2009) found minimal to no correlation between self-report of face recognition skills and
either the CFMT or CFPT. This is not to say that parental- or self-report measures cannot be
useful in the identification of face recognition difficulties: Kennerknecht et al. (2006) note

that a subsample of the cases identified in their study also performed poorly on a variety of
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behavioural tests; and the recently developed P120 (a self-report measure of face recognition
difficulties; Shah, Gaule, Sowden Bird, & Cook, 2015) correlates well with performance on
famous face identification tests and the adult version of the CFMT. However, neither of these
tests is appropriate for children, and until a reliable parental report scale is developed,

behavioural tests appear to be the most appropriate way of identifying face recognition

deficits in children. \

It may also be difficult to identify cases of DP based on familiar face’r
0

tests. As noted in the introduction, these tests can be laborious and impr evelop:

given each child has exposure to a different circle of familiar faces large groups

C
requires finding a set of appropriately familiar faces and develgpingworming data for each

subset of the population (e.g., different schools/ages for e s@ale screening). Even under

these circumstances, it is difficult to rule out th 1 that some children may simply
have less exposure to the “familiar” faces th s. This could explain why we found a
relatively weak correlation between faffithiar face recognition (in this case, recognition of

school teachers) and perfo ance ace matching test: despite attempting to choose
A

highly familiar teachers, ass groups (and even individuals within the same class)
had different levels e to teachers. This further supports the idea that familiar faces
tests are not ide@creening large samples, although carefully constructed tests may be
useful for c@ing face recognition deficits in children who are identified in the screening

proces

The difficulties inherent with parental report and familiar faces tests confirm that
objective, standard tests of face recognition are the most appropriate method to screen for and
identify individual cases of face recognition difficulties in children. In this study, both the
CFMT-K and the face matching test showed good psychometric properties, and our data

suggest that either test would be appropriate for identification of potential face recognition
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difficulties in older children (>7.5 years old). It could be argued that a major disadvantage of
using a matching task alone as a screening tool is that it may fail to identify individuals who
show deficits of face memory, but not face perception — a pattern of results found in some
adults with DP and referred to as prosopamnesia (Bowles et al., 2009). However, recent
research on children with DP has found that the vast majority exhibit difficulties in both
perceptual and mnemonic tasks (Dalrymple, Garrido, et al., 2014). Taken together v%
comparative ease of testing younger children on matching tasks (i.e., simplegin S, one
version for all age groups), we propose that matching tasks are an appropri&&n tool
for children. Nonetheless, future studies examining children’s perfo e oft both matching
and memory tests, and validation of performance in the differ@aﬂicipants with
known face recognition difficulties (e.g., children with D@ spectrum disorder) will
be needed to determine whether one testing format 1 effective than another for

identifying face recognition deficits in chi

work should also explore tests outside

the forced choice format — while these tests proviide a valuable measure of identification, it is

difficult to discriminate between pects of the identification process such as

recognition (knowing a face& a certain person) and discrimination (knowing that a

face does not belong t. a@dar person). These elements may contribute to different

failures of identi .g., walking past a familiar person; mistaking a stranger for a
familiar per§on developing tests that can discriminate between these processes (e.g.,
Laure ondloch, 2016) could provide additional information about the cognitive

charactefistics of DP in children, and identify potential areas of focus for rehabilitation.

It should be noted that none of the tests that have been developed to assess children’s
face recognition abilities are able to reliably detect impairments in very young children (6 yrs
and below). Dalrymple, Garrido, et al. (2014a) did not present data for the CFMT-K or DFPT

for children younger than seven years old, but noted that the CFMT-K showed floor effects
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(i.e., > 2 SDs from the mean is below chance levels of performance) for the seven-year olds,
which is consistent with our current findings of floor effects in year 1 and near floor effects in
year 2 (5.5-7.5 years old). Similarly, data from the norming sample of the CFMT-C (Croydon
et al., 2014) shows that five- and six-year olds also show a floor effect. Even the very
simplified matching task used in the current study showed floor effects in year 1 and near
floor effects in year 2 students (5.5-7.5 years old). These findings suggest that 51mp rced
choice behavioural tests may not be the most appropriate method of 1dent1fyg1g

recognition difficulties in this age group, and alternative methods may nee(&xe oped.

One such technique could be eye-tracking: adults with DP often sh 1c patterns of eye

movements when looking at faces (e.g., Barton, Radcliffe, Che Q Edelman, 2007;
Schwarzer et al., 2007), and this has also been observed Q case (Schmalzl et al.,
2008). Similarly, other disorders that have well alities with face processing,

such as autism spectrum disorder and Willd

me, have also been found to have
atypical gaze patterns when viewing s (Pelphrey et al., 2002; Riby & Hancock, 2008).
Given that eye-tracking tests can orter and require less input from the participants
than traditional behav10ural T ts, they can be used to examine face recognition in
much younger popu L1u et al., 2011; Turati, Di Giorgio, Bardi, & Simion, 2010),

and consequentl s may be a more appropriate and reliable method of identifying

face procesging ulties in very young children.

nally, as discussed in the introduction, it is important to include a well-matched
object recognition test when screening for face recognition difficulties. While this is not a
common procedure for screening adults with DP, the use of well-developed and normed
object tests is particularly important to identify children who are not engaging with the tasks,
and to discriminate between children who show specific or disproportionate deficits with

faces as opposed to objects. This study introduces two tests of object recognition which are
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matched in format to the face recognition tests, show high reliability, and are relatively well-
matched in performance across the age range tested. Given the excellent psychometric
properties of these tests, we suggest that they (or similar object recognition tests) be

incorporated into screening procedures for DP in children.
Development of face recognition

While the main aim of this study was to examine the prevalence of face r x
*
difficulties in childhood, the data also allows us to make some observationsﬂx

development of face recognition in children with typical face recognitian abiiti¢s.

Performance on both the memory and matching tests showed %@n throughout

childhood, as would be expected from past research (e.g., G1Qo McKone, 2009;

Croydon et al., 2014, Johnston et al., 2011; Weigelt 4). Due to the shift from a four-
item to six-item memory test, the pattern ofimp % less clear for memory tests
(similar to the norms reported in Dalryanple, 1do, et al., 2014), but there was a significant
linear trend for face matching to dev age. Notably, there was an almost identical
trend for bicycle matching t& ith age, and there was no interaction between face
and bike scores in either @ tching or memory tests. This argues against the idea that face
recognition follows @ac d period of development, independent of general object

recognition @y & Diamond, 1994; de Heering et al., 2012). Instead, our results are
consi Qe view that face recognition is mature at an early age, and developmental
improvaments reflect general gains in cognitive performance (e.g., memory, sustained
attention, ability to follow task instructions) (Crookes & McKone, 2009; Want et al., 2003).
While the general pattern of our data is also consistent with the view that faces and objects
are processed in a similar manner in children (Diamond & Carey, 1977), the fact that face and

bike matching and memory showed a similar, modest level of correlation across the age range

tested (with the exception of year 6 students in the matching task), and this correlation is
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quite close to that reported for face and object processing in adults (Dennett et al., 2012),
suggests that face and object processing rely to a large extent on separate processes, similar to
face and object recognition in adulthood. This conclusion is also consistent with many studies
that have found face-specific processing in young children (see McKone et al., 2009, 2012,

for a review).

It is important to note that both the memory and matching tests showed a sin\
developmental trajectory for faces and bicycles. Recently Weigelt et al. (2012 gocsted that
face memory and matching may undergo separate developmental trajectefies,\with face
matching maturing early, and showing a similar developmental traj Qobj ect
recognition; and face memory maturing more gradually, and there showing a different
developmental trajectory to object recognition. This was @me oftthe bases for choosing to rely
primarily on matching tasks to screen for face r ifﬁculties. However, our results
indicate that both face memory and face ma ow a similar developmental trajectory to
object memory and matching throug ildhood — in other words, the developmental
trajectory does not differ depen the task. It is unclear why our results differed from
Weigelt et al.’s (2014), as &}dologies of the two studies differed in a number of ways
— for example, Wei %8 (2014) memory test required children to remember 10 items
from each categ@ opposed to 4-6 in the current memory tests), and their test phase did
not i orpo@anges in image quality or viewpoint. Consequently, further work with tests
designéd'to investigate these specific methodological differences may be necessary to

determine the factors that influence the developmental trajectories of face and object

processing.

Nonetheless, the present results suggest that both matching and memory tests (at least,

those using the CFMT format) are theoretically appropriate methods to diagnose face
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recognition deficits in children, as long as the tests are designed and administered to avoid

floor effects.
Conclusions

The current study found that a surprisingly high percentage of children show
significantly poor performance in face recognition tasks. Given the relatively high prevalence
of difficulties and the increasing public recognition of DP, we expect that an ‘incr \
number of child DP cases will be brought to researchers’ attention over the ars.
Consequently, it is important to develop effective screening and diagno@ edures for
face recognition impairments; incorporating reliable, valid tests, u@hose used in the

current study. Further work is needed to develop more efft ntal report measures and

screening tests for young children. In combination, t ures will allow researchers to

identify cases of DP at an early age, and potentia interventions that could help

improve face recognition in affected children.

\@
oQ’Q
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Figure captions O&\
Figure 1: Examples of the CFMT-K and bicycle memory tas@ images adapted

from Darymple, Garrido, and Duchaine (2014). Q
Figure 2: Example trials from the face and bicygle l%g tasks.

Figure 3: Mean scores on the CFMT-K (fac ry) task across school year. Children in
Years 1-3 completed a 4-item Versiov@task; children in Years 4-6 completed the 6-item
version of the task. Error bars ir@ﬂ- 1 SEM. Chance level performance is 33.33%.
Green triangles denote chyj a& also performed poorly on the bicycle matching task (>
1.7 SD below the m@ rcles denote children who performed within the normal range

on the bicycle matchihg test.

Figu scores on the face matching task across school year, retransformed to
original§cale. Error bars indicate 95% confidence intervals of the mean. Chance level
performance is 33.33%. Individual cases who scored more than 1.7 SD below the mean for
their year are marked in each year group. Green triangles denote children who also performed
poorly on the bicycle matching task (> 1.7 SD below the mean); red circles denote children

who performed within the normal range on the bicycle matching test.
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Table 1: Results of children’s face and bicycle memory tasks

Face Bicycle
memory memory

Sch Tas N Percen Mi M Ske Shap N Percen Mi M Ske Shap

ool k tage n. ax. w iro- tage n. ax. w iro-

Yea for correct (std Wilk correct (stMlk

r mat M . statis M ‘\ statis

(SD) err tic (SD) é err tic
or) or)

1 4- 3 5688 25 94 51 .96 3 6%09 W27 92 -24 92%

item 2 (16.86) (.43 @17) (.44
) (b‘ )

2 2 6489 31 90 -.12 2 7200 43 10 .02 .97

9 (17.58) 6 (15.99) 0 (.46
& /

3 3 72.29 & -40 .94 3 8083 33 98 - .84
7 (1'®Q0 (41 7 (16.49) 1.4
o7 s

0 (.40
)
4 6- 3 6437 39 96 34 96 3 6891 43 94 10 .98
item 6 (15.27) (.40 6 (12.00) (.40
) )
5 3 6467 31 99 -13 .97 3 7462 42 93 -85 .92%



FACE RECOGNITION DEFICITS IN CHILDHOOD

2 (18.03) (41 1 (14.64) (43
) )
6 3 6988 38 92 -45 95 2 7990 51 92 -
4 (14.89) (41 2 (11.60) 1.4
) 8

O
&
(\0

Table 2: Results of familiar face recognition taskyan al rating of face recognition
ability for Experiment 1.

Chance performance on the memory tasks was 33.33%
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Familiar face recogni Parental rating
School Year N N Rating (max 5)
@(sn) M (SD)
1 1.71 (0.71) 24 3.83 (0.70)

2 @ 3.38 (0.00) 11 3.91 (0.70)
3 C) 8 2.59 (0.58) 18 4.33 (0.69)
4 0 8 2.19 (0.47) 15 4.27 (0.59)

5 5 2.24 (0.70) 5 4.00 (0.71)

6 7 2.92(0.31) 11 4.27 (0.65)
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Table 3: Cut-off scores in percentage correct and total correct (to the next lowest whole digit,
in parentheses) for impairment on children’s face and bicycle memory tasks. Z-scores

indicate how many SDs below the mean chance performance falls

Faces Bicycles
School  -2SD -1.78D Chance z- -2S8D -1.78D Chance z-
Year score (33.33%) score&%)
1 23.15% 28.21%* 21.36%  27.71* \
(11) (13) -1.40 (10) (13) &.43
2 35.01 40.03
29.74*%(14) (16) -1.80 (19) 1) -2.42
3 42.89 @ 52.80
37.70 (18) (20) -2.25 %} (25) -2.88
4 38.41 4491 48.51
33.83(24) (27) - (32) (34) -2.96
5 28.61* 34.02 @ 45.34 49.73
(20) K -1.74 (32) (35) 2.82
6 @ \ 56.69  60.17
40.1@ (32) -2.45 (40) (43) -4.01
* Indigates cut-off score is below chance levels of performance
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Table 4: Profile of individual cases who showed poor face memory ability

Participant School Age Faces Bicycles Parental Familiar

Year  (years) z z rating faces test z
W6 11 6 11 -2.17 22 - -
W2 06 2 7 -1.91 - - -
W 13 3 7 -1.77 -2.88
S3 08 3 8 -1.77 .65 4
R5 02 5 9 -1.89 .69 3
W6 19 6 11 -1.71 1.16
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Red indicates participant scored > 2 SDs below the mean. Or
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Table 5: Results of children’s face and bicycle matching tasks, and correlation between face

and bicycle matching

Face Matching! Bike Matching'
Ye N Perce Mi M Ske Shap Perce Mi M Ske Shap Face
ar ntage n. ax. w iro- ntage n. ax. Ww iro- and
correc (std Wilk correc (std Wilk bicycle
t statis t . statis Mhi
*
M err tic M err ti Qg
(SD) or) (SD) OIOQ correla
tion?
1 8 16 - 13 97* @-.21 .98 .20
3 61.81 (.27 61.1 é (.27
(19.56) 97 ) @ )
2 8 27 -67 94* 30 10 -47 .96* 34k
3 73.39 10 (.26 70.66 0 (.26
(18.42) 0 @ (17.93) )
3 6 34 x 90* 24 10 -71 .94* 27
1 76.57 @\ (.31 73.81 0 (31
( Q) 0 ) (18.38) )
4 47 -.88 .93* 33 10 -.83 .93* .20
6 82.27 10 (.28 79.06 0 (.28
(14.08) 0 ) (15.71) )
5 5 36 - .85% 27 10 - .88* 33k
2 85.81 10 1.5 82.50 0 1.2
(13.03) 0 4 (16.05) 3
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(.33
)
6 5 67 - .88*
8 1.0
8
90.45 10 (31 91.72

(8.43) 0 ) (8.78)

(.33

63 10 - .84* A2

0 1.3

(.31 \

) e

Chance performance on the matching tasks was 33.33%

* Shapiro-Wilk statistics p < .05; indicates a significant departure @Qﬂity

** p<.05
'Raw data prior to transformation. For retransfofime

2Correlations calculated based on transform: S

\@
OQ’Q
O

{\0

ee Supplemental material
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Table 6: Results of familiar face recognition task and parental rating of face recognition
ability for Experiment 1.

Familiar face Parental
recognition rating
School N & Correlation with N Rating Correlation with
Year M (SD) face matching! (max 5)  face matching!
M (SD) \

. 3
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1 83 091 045 82 3.93 .%
(0.84) (0.73) c :
2 82 1.9 12 79 3:66-0.16

(0.86) 72

3 39 1.88 32k &3 -0.14

(0.88) (0.73)

4 64 1.77 2T** 75 3.87 -0.11
(0.89) (0.68)

5 52 2.04 @ 49 3.88 0.10
0.7 \ (0.67)

6 58 @ -.10 57 3.79 .080

86) (0.75)

<
**p<. 5

ICorrelations calculated based on transformed means
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Table 7: Cut-off scores in percentage correct for impairment on children’s face and bicycle
matching tasks. Scores have been retransformed from square root transformation. Z-scores

indicate how many SDs below the mean chance performance falls

Faces Bicycles
School -28SD -1.7 SD Chance z- -28SD -1.7 SD Chance z-
Year score %
(33.33%) ¢ 3.33%)

1 20.31* 28.42% -1.51 26.23%* 3 * -1.67

2 27.90%* 36.87 -1.82 24.93%* -1.72

3 3491 43.39 -2.05 30.450 39.19 -1.90

4 50.94 57.43 -2.73 0 47.36 -2.22

5 54.15 60.70 -2.84 %53 50.86 -2.31

6 69.5 73.85 -3.99 70.46 74.96 -3.92

Faces Bicycles
School -28D -1 S hance z- -28D -1.7SD Chance z-
Year score score
@ (33.33%) (33.33%)

1 * 28.42% -1.51 26.23% 32.65% -1.67

2 g* 36.87 -1.82 24.93%* 33.80 -1.72

3 3491 43.39 -2.05 30.45% 39.19 -1.90

4 50.94 57.43 -2.73 39.40 47.36 -2.22

5 54.15 60.70 -2.84 42.53 50.86 -2.31

6 69.5 73.85 -3.99 70.46 74.96 -3.92

* Indicates cut-off score is below chance levels of performance
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Table 8: Profile of individual cases who showed poor face matching ability

Participant School Age Faces Bicycles Parental Familiar
Year (years) z Y/ rating faces test z
P2 15 2 7 -2.02  -82 3 -2.12

M4 24 4 9 219 -1.17 4 114 o Q

H4 06 4 9 -2.04 -5

-

P5 05 5 9 2775 -2.52 3 0%

B5 12 5 10 -2.01 94
B6 11 6 11 -2.19 -76
H2 09 2 8 1. 67

B2 45 2 7 @ -.19 4 -1.40

B2 40 2 Q 171 -1.45 4 44

B3 33 30 -1.94  0.58 4
P3 0 @ 7 -1.94  -1.70 4 -1.19

M3 09 3 8 -1.9 1.14 4 -0.98
M3 06 3 7 -1.74  -74 4 -.63
P3 13 3 8 1.70 -0.42 4 0.57

B4 06 4 8 -1.89  -1.73 5



FACE RECOGNITION DEFICITS IN CHILDHOOD

Downloaded by [Rachel Bennetts] at 07:06 22 March 2016

H4 13 4 8 -1.74  -2.10 4 -1.51
H5 06 5 10 -1.89  -1.73 4 35
H6 04 6 10 -1.97  1.21 3 .82
H6 07 6 11 -1.97 045 4 18
B6 12 6 10 -1.74  -0.04 4 -1.23 \
L 2
Red indicates participant scored > 2 SDs below the mean. Orange > 1.7 SDgfbe mean.
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Learning stage Learning stage

|

Which face did you just view? Which bike did you justview?
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- 3: 2 3

1
Test stage: novel images Test stage: novel images

G B o

Test stage: novel images with noise
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