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Abstract: In the last 15 years, increasing numbers of individuals have self-referred to research
laboratories in the belief that they experience severe everyday difficulties with face recognition.
The condition “developmental prosopagnosia” (DP) is typically diagnosed when impairment is
identified on at least two objective face-processing tests, usually involving assessments of face
perception, unfamiliar face memory, and famous face recognition. While existing evidence suggests
that some individuals may have a mnemonic form of prosopagnosia, it is also possible that other
subtypes exist. The current study assessed 165 adults who believe they experience DP, and 38% of
the sample were impaired on at least two of the tests outlined above. While statistical dissociations
between face perception and face memory were only observed in four cases, a further 25% of the
sample displayed dissociations between impaired famous face recognition and intact short-term
unfamiliar face memory and face perception. We discuss whether this pattern of findings reflects
(a) limitations within dominant diagnostic tests and protocols, (b) a less severe form of DP, or (c) a
currently unrecognized but prevalent form of the condition that affects long-term face memory,
familiar face recognition or semantic processing.

Keywords: prosopagnosia; face recognition; face perception; individual differences

1. Introduction

Developmental prosopagnosia (DP) is a neurodevelopmental condition characterised by a severe
deficit in the recognition of facial identity, which is thought to result from a failure to develop the
necessary visuo-cognitive mechanisms [1]. Estimates suggest that DP affects approximately 2% of
the adult population [2] and 1-4% of children [3]. While these figures are a product of the statistical
techniques used to infer impairment [4,5], they also result from the diagnostic protocols adopted in
each study. The latter reflects the general state-of-the-art, whereby vast differences in inclusion criteria
prohibit many cross-study comparisons. As a result, it is often unclear whether differences in cognitive

Brain Sci. 2019, 9, 133; d0i:10.3390/brainsci9060133 www.mdpi.com/journal/brainsci


http://www.mdpi.com/journal/brainsci
http://www.mdpi.com
https://orcid.org/0000-0001-5484-8195
https://orcid.org/0000-0002-3543-9836
https://orcid.org/0000-0003-4928-5871
http://dx.doi.org/10.3390/brainsci9060133
http://www.mdpi.com/journal/brainsci
https://www.mdpi.com/2076-3425/9/6/133?type=check_update&version=2

Brain Sci. 2019, 9, 133 20f17

presentation result from inconsistencies in neuropsychological screening or theoretically important
heterogeneity between individuals.

The first case report of DP was presented by McConachie in 1976 [6], and over 150 papers have
subsequently been published. Increased interest in DP coincided with the development of the Internet
and large-scale media coverage of the condition, allowing large numbers of people to contact researchers
in the self-belief that they experience severe face recognition difficulties. A wide variety of techniques
have been used to assess these individuals (for a recent review, see [7]), with a minority of authors
relying on self-reported anecdotal evidence alone (e.g., [8]). While respectable associations have more
recently been reported between multi-item subjective ratings of face recognition ability and objective
measures (e.g., [9]), it is nevertheless clear that some “typical” performers erroneously under-rate their
face recognition ability and self-refer for DP assessment [10,11]. Most authors therefore agree that
self-rating or anecdotal evidence of DP should always be supplemented by objective measures of face
recognition performance [4,12], although the proportion of confirmed diagnoses versus false alarms
has not yet been examined in a large group of individuals.

Using objective measures to identify cases of DP has followed the precedent set by the longstanding
literature on acquired prosopagnosia. Traditionally, the acquired condition was confirmed using
famous face tests (e.g., [13,14]) or bespoke assessments composed of personally familiar faces (e.g., [15]).
These tests were later supplemented with standardized tests of unfamiliar face memory (e.g., using
the Recognition Memory Test for Faces: [16]) or perception (e.g., using the Benton Facial Recognition
Test: [17]). While famous face tests remain popular for the assessment of DP (e.g., [18,19]), bespoke
tests of personally familiar face recognition are labour-intensive to prepare for the typically larger
samples of developmental compared to acquired cases, and it is also difficult to collect well-matched
control data. Further, both the Warrington and Benton tests have been subject to some criticism, as
successful recognition performance can be achieved using extra-facial cues alone (e.g., the hairline
or clothing: [20]). These tests have therefore been superseded by the Cambridge Face Memory Test
(CEMT: [21]) and Cambridge Face Perception Test (CFPT: [22]). While the CFMT assesses participants’
ability to encode six previously unknown faces and to subsequently recognize these individuals
from memory, the CFPT has no mnemonic demands, requiring participants to sort similar images of
simultaneously-presented faces in relation to a target.

Together, tests of face perception, face memory and famous face recognition offer a
theoretically-driven assessment battery, and acquired deficits have correspondingly been reported
(and occasionally dissociated) at perceptual (e.g., [14,23]), mnemonic (e.g., [14,24]) and semantic
(e.g., [25]) stages of processing. Evidence that face perception can sometimes be preserved in acquired
prosopagnosia has had particular theoretical impact, suggesting its independence from face memory.
As such, this process is represented at an earlier, distinct stage in dominant theoretical models of
face-processing (e.g., [26,27]), and apperceptive and associative subtypes of acquired prosopagnosia
have been proposed [28].

Given that developmental disorders often present with heterogeneous profiles of cognitive and
perceptual deficits (e.g., [29-31]), and evidence supporting the independence of face perception and
face memory has also been found in typical children [3,32], it seems likely that cases of DP are similarly
variable in their presentation. That is, we would not expect all individuals with DP to present with
a significant perceptual impairment. However, evidence from developmental cases is sparse and
contradictory, and it remains unclear whether the two processes unfold independently (for an overview,
see [33]). Although some adult DP case studies support the independence of face perception and
memory (e.g., [34]), larger case series disagree about the prevalence of dissociable deficits. For instance,
Dalrymple and colleagues [35] used conservative single-case statistics to report dissociations between
intact CFPT and impaired CFMT performance in 6 out of 16 DPs, whereas a very recent study used
group-based analyses on the same measures to suggest a much greater overlap in impairment in a
larger sample of participants [36]. Without additional data, it is difficult to reconcile the findings of
these two studies given the differences in sample size and statistical approach.
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Further, almost no work to date has considered whether isolated semantic-level impairments can
present in DP, as has been reported for acquired cases. Bowles et al. [2] raise this possibility in an
individual who self-reported severe everyday face recognition difficulties and was impaired at famous
face recognition, but achieved typical scores on the CFMT and CFPT. While it is possible that this
person used compensatory strategies to obscure impairment on the latter two tests (see [21]), evidence
from another case study suggests that long-term memory for unfamiliar faces can be independently
impaired in development. McKone et al. [37] reported an individual who also achieved typical CFPT
and CFMT-Aus (an alternate version of the standard CFMT) scores in the context of impaired famous
face recognition, and additionally performed poorly on long-term recall (at 20-min and 24-h delays)
of the CFMT-Aus faces. As this pattern of presentation has not yet been systematically examined, it
remains unclear whether further, as yet unidentified, subtypes of DP may exist.

Understanding the different patterns of presentation that can exist within the DP umbrella has
important implications for current screening protocols: many authors administer the CFPT, CEMT and
a famous faces test at screening, and adhere to the recommendation that impairment should be noted
on at least two tests for DP diagnosis [4,12]. This recommendation for repeated testing is important to
minimize false alarms, reducing “the chance that it happened by chance” ([14], p. 945). Yet, the above
review indicates that some individuals may genuinely only be selectively impaired on one test, and
would not meet current criteria for DP—prohibiting both theoretical and clinical developments in our
understanding and management of the condition.

The current study aimed to examine the substantive issues associated with the diagnosis of DP, as
outlined above. We screened the largest sample of self-reported DP cases that has been reported to date,
using the dominant battery of assessment tests that is currently used by most researchers in the field
(i.e., the CFMT, CFPT and a famous faces test). First, we examined the proportion of cases that meet
existing diagnostic criteria for DP (i.e., impairment on any two tests). Second, we examined whether
specific patterns of dissociation that have been observed in acquired cases (i.e., preserved versus
impaired face perception, and selectively-impaired famous face memory) occur in DP participants.
Importantly, we also note the patterns of presentation that do not occur, and their implications for
theoretical models of face recognition. As a supplement to these analyses, we also examine the utility
of each diagnostic test across our target age range (18-78 years), and present UK age-appropriate
norms that will be of widespread value to the field.

2. Methods

2.1. Participants

Data were collected from 195 adults (61 male, age range 18-77, M = 48.2, SD = 14.2) who
self-referred to our laboratory in the belief that they have DP. All participants were asked, prior to the
testing session, to declare any history of neurological, psychiatric or socio-emotional disorder. Only
participants who did not declare any such condition were invited to participate in the study. A total of
241 control participants (100 male, age range 18-78, M = 49.7, SD = 18.3) were also tested, and subjected
to the same exclusion criteria. As per the recommendations of Bowles et al. [2] they were subdivided
into five separate groups (see Table 1) to provide age-appropriate data for individual comparisons.
Control participants (but not DPs) were offered a small financial incentive in exchange for their time.
Ethical approval for the study was granted by the institutional Ethics Committee, informed consent
was provided by all participants prior to data collection, and the study was carried out according to
the rules of the 1975 Declaration of Helsinki.
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Table 1. Demographic information for control participants from each age group, including mean
(SD) age and IQ (measured using the Wechsler test of adult reading (WTAR)). Mean (SD) percentage
accuracies for the Cambridge face perception test (CFPT), Cambridge face memory test (CFMT) and
famous face test (FFT) are also presented.

Age Group (Years) N (% Female) Age 1Q CFPT CFMT FFT
18-34 62 (53.2) 243(42) 1139(89)  7695(8.77)  80.85(11.57)  91.92(9.74)
35-49 44 (56.8) 420(45) 111.6(8.8) 7528(747)  81.38(11.52)  92.04 (6.96)
50-59 43 (65.1) 545(29) 110.7(9.5) 71.38(8.30)  77.52(12.17)  89.54 (8.04)
60-69 52 (61.5) 64.4(28) 117.3(8.3) 7033 (7.64)  73.13(13.56)  88.73 (9.58)
70-79 40 (57.5) 735(2.3) 1181(7.2) 63.33(10.07) 6337 (12.51) 7521 (13.14)

2.2. Materials

2.2.1. Background Neuropsychological Screening

1Q: The IQ of DP and control participants was estimated using the Wechsler Test of Adult Reading
(WTAR; [38]). A cut-off of 70 [38] was used to directly exclude any individuals with low IQ. Given IQ
is not associated with face-processing skills [39,40], a more conservative cut-off was not deemed to be
necessary. To detect atypical cognitive decline in older participants, controls and DPs aged more than
65 years also completed the Mini-Mental State Examination (MMSE: [41]). The recommended cut-off
score of 26 [42] was used to determine any exclusions.

Lower-level vision: Lower-level vision was assessed in the self-referred DP group (but not controls)
in order to check whether the participants’ difficulties in face recognition were underpinned by basic
perceptual impairments. Four sub-tests from the Birmingham Object Recognition Battery (BORB: [43])
that have been used in previous investigations (e.g., [44]) were selected. In the Length Match test,
participants are required to judge whether two lines are of the same length; in the Size Match test, they
judge whether two circles are of the same size; in the Orientation Match test, they decide whether two
lines are parallel or not; and in the Position of the Gap Match test, they decide whether the position of
the gap in two circles is in the same place or not. Published cut-offs [43] were applied.

Basic category recognition: Barton and Corrow [4] suggest that general visual agnosia can be
excluded by assessing object recognition at a basic category level, whereas debates about DPs’ abilities
to distinguish between specific items within the same category are ongoing and should not be exclusion
criteria. General visual agnosia was therefore excluded in the DP participants via the Object Decision
Test (hard version) of the BORB, using published cut-offs [43]. We also enquired (but did not formally
assess) whether DPs also experienced problems with voices or names, to exclude a multi-modal
problem with person recognition (e.g., [45]).

Concurrent socio-emotional disorder: Given face recognition difficulties can also present in autism
spectrum disorder (ASD; [46]), we screened all participants using the Autism Quotient (AQ; [47]), a
50-item self-report questionnaire. The AQ is not a formal diagnostic tool for identifying ASD, but very
few age-matched controls score higher than 32 on the questionnaire [47]. As such, we excluded data
from any participant scoring higher than 32 from the current analysis, to minimise the possibility that
participants presented with a socio-emotional disorder in addition to their face recognition problems.

2.2.2. Face-Processing

Face perception: The CFPT [22] is a standardised test that is used to measure face perception skills.
In each trial, participants are asked to order a set of six comparison faces based on their similarity
to a single test face, where each of the comparison faces has been morphed towards the test face
by different degrees. While the CFPT contains eight upright and eight inverted trials, we followed
the precedent of many previous investigations (e.g., [48,49]) by only examining the upright items
(inverted items were not presented). For each trial, the final sorted order is scored by summing the
deviations from the correct order (e.g., if a face is five places away from its proper place, it contributes
5 to the score). A score of 0 represents perfect performance, while the maximum possible score is
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144. To aid in the analysis, these scores were converted into percentage correct using the formula
100 % (1 — (score/maximum score)) [50].

Unfamiliar face recognition: The CFMT is a measure of unfamiliar face memory that demonstrates
high reliability and both convergent and divergent validity [2,51]. In the first part of the task,
participants are introduced to six target faces and are then tested with forced-choice items consisting
of three faces, one of which is a target. For each target face, three test items contain views identical
to those studied in the introduction, five present novel views, and four present novel views with
noise. At two points in the test, participants are given the opportunity to review the target faces before
proceeding with the next set of trials (for full details see [21]).

Familiar face recognition: We used two different versions of a famous faces test (see our previous
work: e.g., [44]), one for adults aged 35 years and older, and another for younger adults (those aged
18-34 years). Each version contains the faces of 60 celebrities, selected via initial pilot-testing where we
ensured the familiarity of the faces for our target age groups. Faces were displayed sequentially, in a
random order, for an unlimited time period. A correct identification was scored by provision of the
celebrity’s name, or uniquely identifying biographical information about that person. If a participant
could not identify a face, they were subsequently told who that person was, and asked if they have
had previous exposure to that individual. Any celebrities that were unknown to each participant by
name or biographical information were removed from the overall score and percentage correct was
adjusted accordingly.

2.3. Procedure

DP and control participants completed the battery of tests in face-to-face laboratory settings. Testing
sessions began with an initial semi-structured interview. During this process, control participants
provided basic demographic information, and were also asked if they had any history of neurological,
psychiatric or developmental disorder, or had experienced any periods of visual abnormality. The same
questions were asked of DP participants, who were also invited to share anecdotal evidence of their
face recognition difficulties. Participants then completed the relevant generalised and face-processing
tests, in the order that they are described above.

2.4. Statistical Analyses

After initial exclusions were applied to the DP group (according to medical history, IQ, MMSE,
BORB and AQ scores), the face-processing performance of each remaining individual was assessed
relative to age-matched controls. For each test, impaired performance was deemed to be an
accuracy score that significantly differed from control performance on modified t-tests for single-case
comparisons ([52]; see Supplementary Materials S1). Patterns of impairment were then considered
against existing diagnostic criteria [4,12].

We then examined whether (a) face perception can be preserved relative to both short- and
long-term face memory impairments (i.e., comparing CFPT scores to CFMT and famous face
performance), and (b) long-term face memory can be selectively impaired (i.e., comparing famous
face to CFMT and CFPT scores). We first examined these issues at the group level, via a principal
components analysis on the entire DP sample (i.e., regardless of whether each individual met any
particular inclusion criteria), and via correlational data. To assess whether more formal dissociations
exist in individual DPs, Crawford and Garthwaite’s [53] Bayesian Standardized Difference Test (BSDT)
was used to estimate whether each individual’s standardized difference between the specified test
scores differed from that observed in the relevant control sample. Where required, the sequential
Bonferroni procedure was applied to correct for multiple comparisons.
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3. Results

3.1. Control Performance

No exclusions were made to the control group according to neuropsychological history, 1Q, MMSE
or AQ scores (most had been pre-screened according to neuropsychological background prior to
recruitment for the current study). Because all controls self-reported normal face recognition skills
in everyday life, we retained all their data on the face-processing tests as we were interested to see
whether any individual would inadvertently meet the criteria for DP. This occurred in one individual
(a 74-year-old female) who was impaired on both the CFPT and CFMT (see Supplementary Materials
S1). Seventeen other individuals were impaired on any one test (see Table 2 for summary data, and
Supplementary Materials S1 for individual test scores and p values), but no control participant was
significantly impaired on all three tests. It should be noted that, as observed in previous work (e.g., [2]),
control norms on all tests decrease according to age, with particularly large decreases on all tests for
the 70-79 age-group (see Table 2). Statistically, such low means and large SDs mean that very low test
scores are required for detection of significant impairment.

Table 2. Control patterns of impaired performance on the CFPT, CFMT and famous faces test (FFT).

Age CFPT and CFPTand CFMTand CFPT CFMT  FFT

Group N All CFMT FFT FFT Only Only Only None
18-34 62 0 0 0 0 3 0 3 56
35-49 44 0 0 0 0 2 1 1 40
50-59 43 0 0 0 0 2 0 1 40
60-69 52 0 0 0 0 2 0 1 49
70-79 40 0 1 0 0 1 0 0 38
Total 241 0 1 0 0 10 1 6 223

3.2. DPs: Initial Exclusions

Upon further interview at the testing session, two individuals described a severe psychiatric history
(23- and 42-year-old females), and one 72-year-old male reported neurological injury. Twenty-nine
further participants (aged 19-69, M = 48.3, SD = 13.4) achieved high scores (>32) on the AQ, and
were also excluded from the study. Twenty-five participants chose to not complete the AQ, but their
data were retained given no individual self-described autism traits. No exclusions were made on the
basis of low-level visual assessment, IQ (three DPs were not tested due to dyslexia: two in the 35-49
age-group and one in the 50-59 age-group), MMSE (five declined this test but achieved typical scores
on all other background screening tests), or BORB scores (eight participants did not complete these
tests but were able to successfully complete the other tasks). No DP reported co-morbid difficulties
with voices or names. After all exclusions, the final sample size of the DP group was 165 (111 female)
individuals aged between 18 and 77 years (M = 48.2 years, SD = 14.2; see Table 3). No significant
differences were observed between control and DPs according to IQ in any age group (all p > 0.05).

Table 3. Sample size of developmental prosopagnosia (DPs) in each age group, and number of
participants that were impaired on the CFPT, CFMT and famous faces test (FFT).

Age N CFPT and CFPTand CFMTand CFPT CFMT @ FFT

Group (% Female) 1 CFMT FFT FFT Only Only Only Nome
18-34  31(645) 3 1 0 6 0 1 14 6
3549  51(725) 11 1 3 13 0 0 15 8
50-59 48 (68.8) 4 0 2 1 1 4 21 5
60-69 27 (63.0) 2 0 5 1 0 0 10 9
70-79 8 (50.0) 0 0 0 0 0 0 3 5
Total 165 20 2 10 31 1 5 63 33
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3.3. Diagnosis of DP

A total of 33 participants (20.0%) did not score in the impaired range on any test, fairly equally
distributed across the five age groups (see Table 3). One individual (from the 50-59 age group) scored
in the impaired range on the CFPT alone, and five participants were only impaired on the CEMT (one
in the 18-34 age group, and four in the 50-59 age group). Sixty-three participants, representing all
age-groups, were only impaired on the famous faces test (see Table 3).

The remaining 63 participants (38.2% of the final sample) met the widely accepted criteria for
DP: impaired performance on at least two of the three tests [12]. Twenty participants performed
poorly on all tests, predominantly (N = 11) from the 3549 age group (see Table 3). Forty-three further
participants were impaired on any two tests: two on the CFPT and CFMT, 10 on the CFPT and famous
faces test, and 31 on the CFMT and famous faces test (see Table 3 for age distributions).

3.4. Dissociating Different Patterns of DP Presentation

Data from the entire self-referred DP group (N = 165) were entered into a principal components
analysis (PCA) to explore overall patterns of association between the CFPT, CFMT and famous faces
test. Solutions for one and two factors were each examined using varimax and oblimin rotations of
the factor loading matrix. The two factor varimax solution (which explained a total of 83.52% of the
variance) was preferred as it offered the best defined factor structure (see Table 4). The first factor had
high loadings from the CFPT and CFMT, whereas the second factor only had a high loading from the
famous faces test. A full correlation matrix is displayed in Table 5.

Table 4. Varimax rotated component loadings for the entire self-referred DP group’s (N = 165)
performance on the CFPT, CFMT and famous face test (FFT).

Component 1 2
CFPT 0.84
CFMT 0.86
FFT 0.98

Table 5. Pearson’s correlations for the entire self-referred DP group’s (N = 165) performance on the
CFPT, CFMT and famous face test (FFT).

CFPT CFMT FFT

CFPT 1 0.51* 0.35*

CEMT 1 0.35*
FFT 1

*,p <0.001 (sequential Bonferroni correction applied).

To investigate the relationship between face perception and face memory, we initially considered
associations at the group level. CFPT performance correlated with both CFMT and famous face
scores (see Table 5), and loaded highly on the same factor as the CFMT in our PCA (see Table 4 and
Figure 1). While these findings indicate some overlap in the processes tapped by the tests at the
group level, particularly between the CFPT and CFMT, we nevertheless proceeded to more specifically
examine whether face perception can be intact in some individual cases. As such, BSDT analyses were
carried out on the 31 cases with impaired CFMT and famous face scores but intact CFPT performance.
Significant dissociations were observed for both face memory tests in four individuals (see Table 6).
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Figure 1. Relationship between CFMT and CFPT scores in the self-referred DP and control groups,
for (A) 18-34 year olds, (B) 3549 year olds, and (C) 50-59 year olds (those aged over 60 years are not
displayed as more varied performance prohibits interpretation). Dotted lines represent two SDs from
the control mean.
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Table 6. SDT results for cases with significant dissociations between intact CFPT performance and
impaired CFMT and famous face test (FFT) scores. The sequential Bonferroni correction is applied to
correct for multiple comparisons.

Case % Correct CFPT v CFMT CFPT v FFT
CFPT CFMT FFT t p % More Extreme t p % More Extreme
DP032 68.06 45.83 3091 204 005 2.37 5.77  0.001 0.01
DP036 68.06 45.83 3091 204 005 2.37 5.77  0.001 0.01
DP042 73.61 54.17 10.00 206  0.05 227 8.50  0.001 0.01
DP054 75.00 50.00 43.10 2.59 0.01 0.66 516  0.001 0.01

Next, we examined whether long-term face memory (i.e., famous face performance) can be
selectively impaired. At the group level, the PCA indicated that famous face recognition loaded on a
separate factor to CFPT and CFMT scores (see Table 4), although mild significant correlations were
observed with both tests (see Table 5 and Figure 2). At the single case level, BSDT analyses were carried
out on the 63 participants who were only impaired at famous faces, comparing these scores to both
CFPT and CEMT performance. Forty-two of these individuals showed significant dissociations with
both tests (see Supplementary Materials S2).

In order to examine the relationship between famous face, CFMT and CFPT performance in this
group of individuals, we initially refined the group to those participants aged below 60 years (i.e.,
before scores more significantly decline according to age, particularly on the CFMT, and hence where
interpretation is more reliable). In the 36 remaining individuals, famous face scores did not correlate
with either CFPT (r = 0.16, p = 0.0353) or CEMT (r = 0.28, p = 0.105) performance (see Figure 3), nor was
there a significant correlation between the latter two tests (r = 0.18, p = 0.291). As Figure 3 indicates,
while many DPs performed below the control mean on the CEMT, just under half of the participants
performed within one SD. However, a third of the participants achieved positive z scores on the CFPT,
and the majority of the remaining participants performed within one SD of the control mean.



Brain Sci. 2019, 9, 133 10 of 17

100

>

DPs
90 m Controls

80
70

50
40
30
20

Famous faces score (%)
3
| R RN CTTT Sy

0 10 20 30 40 50 60 70 80 90 100
CFMT score (%)

100

w

80
70
60
50

f T T T LT o

40
30
20

Famous faces score (%)

0 10 20 30 40 50 60 70 80 90 100
CFMT score (%)

@

ll..
)
- 1

Famous faces score (%)
N
(=}

0 10 20 30 40 50 60 70 80 90 100
CFMT score (%)

Figure 2. Relationship between CFMT and famous face scores in the self-referred DP and control
groups, for (A) 18-34 year olds, (B) 3549 year olds, and (C) 50-59 year olds (those aged over 60 years
are not displayed as more varied performance prohibits interpretation). Dotted lines represent two SDs
from the control mean.

4. Discussion

This investigation examined patterns of face recognition impairments in 165 adults who
self-referred for DP. A total of 38.2% of the sample met standard diagnostic criteria of impairment on at
least two out of three dominant tests. Conservative single-case analyses found dissociations between
face perception and both unfamiliar and familiar face recognition tests in four individuals who met DP
criteria (6.3% of the overall sample who met DP criteria). More surprisingly, a dissociation between
impaired famous face recognition and both unfamiliar face memory and face perception was observed
in a large proportion (25.5%) of the sample. While these individuals do not reach existing diagnostic
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criteria for DP, a number of possible interpretations of this finding have implications for developmental
theories of face recognition, our understanding of DP, and existing diagnostic protocols.
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Figure 3. Relationship between famous face z-scores and (A) CFPT and (B) CEMT z-scores in DPs who
showed significant dissociations between impaired famous face recognition and both intact CFMT and
CFPT performance.

First, we provide evidence to support the independence of face perception and face memory in DP,
using conservative criteria that required face perception to be intact relative to impaired performance on
both the CFMT and famous faces test. This finding supports parallel findings in acquired prosopagnosia
(e.g., [24]; see also [54]) and previous DP case studies (e.g., [55]), suggesting that face perception and
face memory follow at least partially independent developmental trajectories that can be selectively
impaired [32]. Interestingly, the wider patterns of impairment reported here support linear accounts
of face-processing (suggesting that early impairments in face perception likely result in downstream
impairments in face memory): performance of the one individual who was only impaired at face
perception did not dissociate from performance on either face memory test. Likewise, while there
were two individuals who showed impairments on the CFMT and CFPT, but not the famous faces test,
their performance with famous faces did not significantly dissociate from the CFMT or CFPT scores.
In short, none of the 165 cases examined here show evidence of being able to compensate for abnormal
perceptual processing or short-term face encoding, even with high levels of exposure to a face.

However, perhaps most interesting is the low prevalence of mnemonic cases of DP in our large
sample (i.e., in contrast to the six out of 16 cases reported by Dalrymple et al.: [35]), as traditionally
defined by intact CFPT performance but impaired CFMT and/or famous faces scores. This may result
from our conservative comparison of CFPT to both CEMT and famous face performance, whereas
Dalrymple and colleagues only compared to the CFMT. However, if we include the cases who showed
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a dissociation between intact CFPT performance and impaired CFMT scores (but not famous faces),
only an additional four cases would have been included. On the one hand, the low prevalence of
mnemonic cases reported here fits well with the recent work of Biotti and colleagues [36], who used
group analyses to suggest a widespread overlap between impaired face perception and unfamiliar
face memory in DP—a finding that is also supported by our PCA. Together, these findings suggest
that the CFPT and CFMT tap similar processes, and that unfamiliar face memory impairments in DP
are mostly (but not always) underpinned by at least some weakness in face perception (affecting the
encoding of faces; see also [19]). However, it is likely that this widespread weakness in face perception
may not exceed diagnostic cut-offs in many cases (31 of the 63 DPs who met existing diagnostic criteria
in this study did not achieve impaired scores on the CFPT). While this finding may result from the
poorer psychometric properties of the CFPT ([2,56]; also see discussion below about age effects), it is
equally likely that impairments in face perception are a matter of degree, rather than absolute. Such a
suggestion is not new, and was offered by Farah [57] in her account for apperceptive versus associative
acquired visual agnosia. Indeed, Farah suggests that, when tested appropriately, most visual agnosia
patients show perceptual deficits, but these reside on a continuum. It is therefore conceivable that the
same pattern occurs in DP.

However, this explanation does not sit well with our finding of selectively impaired famous face
recognition, compared to both CFPT and CFMT performance, in a large number of individuals. Indeed,
if DP can be explained by a unitary hypothesis of suboptimal face perception skills, it seems unlikely
that these deficits were not also detected by a test that is solely intended to tap face perception skills
(the CFPT), nor a test of short-term unfamiliar face memory that contains an initial perceptual encoding
phase (the CFMT). One could argue that successful performance can be achieved on both the CFPT
and CFMT using suboptimal strategies (e.g., feature matching), and such compensatory mechanisms
are less effective in a test of famous face recognition that uses single presentations of static images.
However, this argument is countered by a lack of correlation between famous face and CFMT/CFPT
scores in this group of individuals (see Figure 3), and evidence of the reverse dissociation (i.e., intact
famous face recognition that is significantly dissociated from impairments scores on both the CFPT and
CFMT) in one DP. That is, an individual who performed within the typical range on a test that is more
difficult to “cheat”, but not on two tests that are known to be susceptible to compensatory strategies.
In addition, existing ERP evidence indicates an intact N250 component (thought to reflect activation of
stored memory traces of individual faces) in six DPs viewing famous faces, but an impaired P600f
component, thought to be linked to the semantic stages of identification [58]. Likewise, previous work
from our group has reported typical patterns of eye-movements in a DP with no known deficits in face
perception when viewing famous faces [59].

Alternatively, our findings can be seen to provide additional weight to previous indications from
single-case studies that long-term face memory [37], or memory for familiar faces [2], may be selectively
impaired. Strikingly, evidence of this dissociation in terms of impaired famous face recognition was
not only observed in isolated cases in the current study, but in rather a large proportion of our sample:
while 63 of the 165 individuals were only impaired at famous face recognition, this dissociation reached
significance with regard to both CFMT and CFPT performance in 42 cases (reduced to 36 when cases
that could be influenced by age-related decline in control norms were removed). However, it cannot
be concluded from the available data whether at least some of these individuals represent a subtype
(or even multiple subtypes) of DP that is not yet recognised, and further exploration is required to
interpret the precise functional and cognitive underpinnings of the deficit. Indeed, the impairment may
be in creating detailed and stable perceptual representations of familiar individuals, in retaining these
representations in long-term memory, or in storing, linking or accessing semantic information about
familiar people. Of course, all these possibilities may independently exist, and the potential diagnostic
entities that reside between the processes tapped by the CFMT and famous faces test are currently
unknown. One possibility that can be excluded here is that any famous face recognition deficits
resulted from a developmental form of proper name anomia, as we accepted biographical information
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as a correct response in the absence of naming. While no developmental case of proper name anomia
has been reported to date, it is also pertinent that we did not detect any potential candidates for the
condition in the large sample reported here.

Importantly then, the above discussion casts the existing array of diagnostic tools and protocols
into question. While many would agree that the field lacks a reliable test of face perception (e.g., [60]),
it is also generally well-accepted that intact scores can sometimes by achieved on the CFMT via
compensatory mechanisms. Famous face tests are not without fault: they may be undermined by
overly liberal cut-offs that result from ceiling effects and small SDs in controls, and can also be
confounded by variations in lifetime exposure to target celebrities. In the current study, we attempted
to address the latter by removing low familiarity trials from overall scores on an individual basis, and
we used conservative case-by-case statistics to indicate both impairment and dissociation. Nevertheless,
there were six false alarms in controls on the famous face test (compared to two on the CFMT and 11 on
the CFPT), although this proportion of isolated famous face recognition impairments is clearly much
lower than in the DP sample. One way of dealing with these issues is to allow more liberal cut-off
scores for the CEMT and CFPT to capture cases of compensatory processing, while simultaneously
making the famous face cut-off more conservative to ensure that “atypical” scores are truly impaired
rather than suboptimal. It is likely that allowing more liberal cut-offs on the CFMT and CFPT would be
controversial to the field, and may introduce a higher false-positive diagnosis rate. On the other hand,
using more conservative cut-offs for the famous faces test may be more practical. Due to the format
of the famous faces test, it is extremely unlikely that an individual can perform well by randomly
guessing. Consequently, the effective “floor” of performance that can be meaningfully interpreted is
much lower than in tasks which require forced responses, such as the CFMT and CFPT. Pertinently,
Figure 3 indicates that even if we dropped the cut-off to seven SDs below the control mean, we would
still find cases to support the impaired famous face dissociation compared to intact CFPT and CFMT
performance. That is, some DPs scored —7 SDs below the control mean on the famous faces test, yet
achieved positive z scores on both the CFPT and CFMT). Not only do these individuals support the
novel dissociation evidenced here, but also demonstrate the large range of impaired performance
that can be tapped by a famous faces test, and perhaps used to grade the severity of face recognition
impairments in a way that the CFMT cannot.

It is also pertinent that famous face tests have traditionally been the preferred means of diagnosing
acquired cases of prosopagnosia, as impairments in familiar face recognition tend to be more striking
and robust than those of unfamiliar face recognition. Indeed, the high mean scores and small standard
deviations of control participants reported here (even for older participants) make very low scores
particularly salient. It is therefore possible that famous face tests currently offer a more accurate
assessment for prosopagnosia than tests of unfamiliar face recognition, perhaps due to (a) their
greater ecological validity, (b) because familiar face recognition is less affected by vast individual
differences in the typical population, (c) because familiar faces are less affected by extraneous cues
and non-identity-related changes to images (e.g., viewpoint or lighting; [61]) than unfamiliar face
recognition, (d) they largely prohibit compensatory processing when non-iconic images are used, or
(e) that we simply do not understand what tests of unfamiliar face processing are actually tapping.
Thus, the findings reported here could be interpreted as evidence that famous face tests should carry
relatively more weight in diagnosis, at least until we have a more fluent understanding of other
diagnostic tools.

In the meantime, given general agreement that diagnosis should follow evidence of impairment
on at least two objective measures [4,12], the current findings suggest that some modification of existing
protocols may be necessary. While face perception impairments may be more common than previously
envisaged, they may not be severe enough to reach diagnostic cut-offs. Thus, at least two measures of
face familiarity should be administered at the initial screening phase. However, given evidence of
more highly prevalent selective impairments in famous face recognition, both short- and long-term
face memory needs to be independently assessed, preferably each by two independent measures. Our
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finding that 17 control participants performed in the impaired range on any one test, and only one older
individual performed below cut-off on multiple tests, supports this protocol. In terms of the testing
battery itself, for now, an efficient solution would be to use the CFMT, CEMT-Aus [37] and famous face
tests at screening. The CFMT-Aus provides a second measure of unfamiliar face recognition (analogous
to the standard CFMT), as well as a delayed recall measure that could be compared to famous face
performance. Face perception may then be later assessed in those who meet criteria, if theoretically
and/or practically relevant. Importantly, famous face tests could be modified from the format used here
(and in most papers within the field), to include measures of face perception, familiarity, semantics,
and naming,.

However, one subgroup of individuals where famous faces tests are impractical for the diagnosis of
DP is children, who are less likely to be exposed to a homogenous group of famous faces. Consequently,
there is a pressing need to adapt existing diagnostic batteries for children to incorporate tests of
long-term face memory (potentially through adapting current CFMT-based formats to include delayed
recall measures, as in the CFMT-Aus). Incorporating these measures has significant practical benefits,
as it would ensure that children and adults with DP are comparable in terms of their face recognition
deficits, and facilitate cross-sectional and longitudinal studies in the area. Furthermore, effective
assessment of long-term memory in children with face recognition impairments would allow researchers
to develop a better theoretical understanding of the developmental trajectory of different aspects of
face processing and identification.

Importantly, our findings underline the importance of objective testing in DP diagnosis. Even if
we are very liberal and accept that the additional 42 individuals who were independently impaired
at famous face recognition may represent an additional subtype of DP, approximately a third of the
sample still failed to reach any inclusion criteria. It is likely that these people are either misjudging
their face recognition ability, or that they experience less severe face recognition difficulties that are
not captured by binary approaches to diagnosis. Indeed, it is possible that DP resides on the end of
a single face recognition continuum, and this concept is also supported by the varied performance
observed in our controls (see Figures 1 and 2). While further work needs to explore this issue and map
the severity of real-world functional experiences onto diagnostic test scores, it is likely that a reliable
mapping cannot currently be achieved. This may be because (a) existing assessment tasks are not
capturing a critical aspect of real-world face recognition performance, and/or (b) some individuals
(both those with and without impairment) have little insight into their face recognition skills. Until
this issue is resolved, and diagnostic tasks are developed that prohibit compensatory strategies, it
would be prudent for diagnostic approaches to heed both objective and subjective information (for a
recent discussion, see [62]). This may particularly be necessary for older adults, where self-report may
need to carry more weight in diagnosis, alongside famous face and/or bespoke personally familiar
face recognition tests. Indeed, the progressively lower means and larger standard deviations in older
adults make it very difficult to infer impairment on the CFMT and CFPT (akin to the findings of
Bowles et al.: [2]), and this may have prohibited diagnosis of some of the older adults in our sample.

5. Conclusions

In sum, the pattern of findings reported here suggests that current diagnostic protocols are missing
a substantial number of impaired cases. Whether this results from methodological issues within
existing tests, a lack of tests that tap different aspects of face-processing, or limitations in our current
understanding of different subtypes of DP has yet to be clarified. We therefore recommend that the
field continues to develop new, reliable tests of face perception, and multiple tests of unfamiliar and
familiar face memory that strive to unpick the complex process of face learning.



Brain Sci. 2019, 9, 133 15 of 17

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/9/6/133/s1.

Author Contributions: Conceptualization, S.B., R.J.B. and N.G.; Data curation, S.B.,,R].B., J.J.T., EM., A.A., AK.B,,
T.P, T.Y. and M.].B.; Formal analysis, S.B. and R.J.B.; Funding acquisition, S.B.; Investigation, S.B., R]J.B., N.G.,
JJ.T,EM, AA., AKB, TP, TY. and M.].B.; Methodology, S.B., R.J.B. and N.G.; Project administration, S.B., R.].B.,
N.G,]J.T,EM., A.A,, AKB, TP, TY. and M.].B.; Writing—original draft, S.B., R.J.B., ].].T. and M.].B.

Funding: This research was funded by the British Academy, grant number MD170004 and the Economic and
Social Research Council, grant number ES/K00882X/1. The APC was funded by Bournemouth University.

Acknowledgments: S.B. was supported by a British Academy Mid-Career Fellowship (MD170004), and M.].B.
was supported by the Economic and Social Research Council (ES/K00882X/1). The authors would also like to thank
the many students who assisted with data collection for this paper, including Olivia Bryant, Sarah Chatterton,
Kayleigh Dennis, Hannah Line, Emma Medlicott and Tian Boyce.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Susilo, T.; Duchaine, B. Advances in developmental prosopagnosia research. Curr. Opin. Neurobiol. 2013, 23,
423-429. [CrossRef] [PubMed]

2. Bowles, D.C.; McKone, E.; Dawel, A.; Duchaine, B.; Palermo, R.; Schmalzl, L.; Rivolta, D.; Wilson, E.; Yovel, G.
Diagnosing prosopagnosia: Effects of aging, sex, and participant-stimulus ethnic match on the Cambridge
Face Memory Test and the Cambridge Face Perception Test. Cogn. Neuropsych. 2009, 26, 423-455. [CrossRef]
[PubMed]

3. Bennetts, R.]J.; Murray, E.; Boyce, T.; Bate, S. Prevalence of face recognition deficits in middle childhood. Q. J.
Exp. Psychol. 2017, 70, 234-258. [CrossRef] [PubMed]

4.  Barton, ].J.S.; Corrow, S.L. The problem of being bad at faces. Neuropsychologia 2016, 89, 119-124. [CrossRef]
[PubMed]

5. Bate, S.; Tree, ].]. The definition and diagnosis of developmental prosopagnosia. Q. J. Exp. Psychol. 2017, 70,
193-200. [CrossRef] [PubMed]

6.  McConachie, H.R. Developmental prosopagnosia: A single case report. Cortex 1976, 12, 76-82. [CrossRef]

7. Robotham, R..; Starrfelt, R. Tests of whole upright face processing in prosopagnosia: A literature review.
Neuropsychologia 2018, 121, 106-121. [CrossRef] [PubMed]

8.  Kennerknecht, I.; Grueter, T.; Welling, B.; Wentzek, S.; Horst, J.; Edwards, S.; Grueter, M. First report of
prevalence of non-syndromic hereditary prosopagnosia (HPA). Am. J. Med. Genet. 2006, 140, 1617-1622.
[CrossRef]

9.  Shah, P; Gaule, A.; Sowden, S.; Bird, G.; Cook, R. The 20-item prosopagnosia index (PI20): A self-report
instrument for identifying developmental prosopagnosia. Roy. Soc. Open Sci. 2015, 2, 140343. [CrossRef]

10. Murray, E.; Hills, PJ.; Bennetts, R.J.; Bate, S. Identifying hallmark symptoms of developmental prosopagnosia
for non-experts. Sci. Rep. UK 2018, 8, 1690. [CrossRef]

11. Murray, E; Bate, S. Self-ratings of face recognition ability are influenced by gender but not prosopagnosia
severity. Psychol. Assessment 2019, 31, 828-832. [CrossRef] [PubMed]

12.  Dalrymple, K.A.; Palermo, R. Guidelines for studying developmental prosopagnosia in adults and children.
WIREs Cogn. Sci. 2016, 7, 73-87. [CrossRef] [PubMed]

13. Parry, EM.; Young, A.W.; Shona, J.; Saul, M.; Moss, A. Dissociable face processing impairments after brain
injury. J. Clin. Exp. Neuropsyc. 1991, 13, 545-558. [CrossRef] [PubMed]

14.  Young, A.W.; Newcombe, F.; de Haan, E.H.F,; Small, M.; Hay, D.C. Face perception after brain injury. Brain
1993, 116, 941-959. [CrossRef] [PubMed]

15. Takahashi, N.; Kawamura, M.; Hirayama, K,; Shiota, J.I.; Isono, O. Prosopagnosia: A clinical and anatomical
study of four patients. Cortex 1995, 31, 317-329. [CrossRef]

16. Warrington, E.K. Recognition Memory Test; NFER-Nelson: Windsor, UK, 1984.

17.  Benton, A.L.; Sivan, A.B.; Hamsher, K.; De, S.; Varney, N.R.; Spreen, O. Contribution to Neuropsychological
Assessment; Oxford University Press: New York, NY, USA, 1983.

18. Burns, E.J.; Bennetts, R.J.; Bate, S.; Wright, V.C.; Weidemann, C.T; Tree, ].J. Intact word processing in
developmental prosopagnosia. Sci. Rep. UK 2017, 7, 1683. [CrossRef] [PubMed]

19. Towler, J.; Fisher, K.; Eimer, M. Holistic face perception is impaired in developmental prosopagnosia. Cortex
2018, 108, 112-126. [CrossRef] [PubMed]


http://www.mdpi.com/2076-3425/9/6/133/s1
http://dx.doi.org/10.1016/j.conb.2012.12.011
http://www.ncbi.nlm.nih.gov/pubmed/23391526
http://dx.doi.org/10.1080/02643290903343149
http://www.ncbi.nlm.nih.gov/pubmed/19921582
http://dx.doi.org/10.1080/17470218.2016.1167924
http://www.ncbi.nlm.nih.gov/pubmed/26999413
http://dx.doi.org/10.1016/j.neuropsychologia.2016.06.008
http://www.ncbi.nlm.nih.gov/pubmed/27312748
http://dx.doi.org/10.1080/17470218.2016.1195414
http://www.ncbi.nlm.nih.gov/pubmed/27251859
http://dx.doi.org/10.1016/S0010-9452(76)80033-0
http://dx.doi.org/10.1016/j.neuropsychologia.2018.10.018
http://www.ncbi.nlm.nih.gov/pubmed/30389553
http://dx.doi.org/10.1002/ajmg.a.31343
http://dx.doi.org/10.1098/rsos.140343
http://dx.doi.org/10.1038/s41598-018-20089-7
http://dx.doi.org/10.1037/pas0000707
http://www.ncbi.nlm.nih.gov/pubmed/30730191
http://dx.doi.org/10.1002/wcs.1374
http://www.ncbi.nlm.nih.gov/pubmed/26681428
http://dx.doi.org/10.1080/01688639108401070
http://www.ncbi.nlm.nih.gov/pubmed/1918285
http://dx.doi.org/10.1093/brain/116.4.941
http://www.ncbi.nlm.nih.gov/pubmed/8353717
http://dx.doi.org/10.1016/S0010-9452(13)80365-6
http://dx.doi.org/10.1038/s41598-017-01917-8
http://www.ncbi.nlm.nih.gov/pubmed/28490791
http://dx.doi.org/10.1016/j.cortex.2018.07.019
http://www.ncbi.nlm.nih.gov/pubmed/30165324

Brain Sci. 2019, 9, 133 16 of 17

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Duchaine, B.; Weidenfeld, A. An evaluation of two commonly used tests of unfamiliar face recognition.
Neuropsychologia 2003, 41, 713-720. [CrossRef]

Duchaine, B.; Nakayama, K. The Cambridge Face Memory Test: Results for neurologically intact
individuals and an investigation of its validity using inverted face stimuli and prosopagnosic participants.
Neuropsychologia 2006, 44, 576-585. [CrossRef] [PubMed]

Duchaine, B.; Germine, L.; Nakayama, K. Family resemblance: Ten family members with prosopagnosia and
within-class object agnosia. Cogn. Neuropsych. 2007, 24, 419-430. [CrossRef] [PubMed]

Bate, S.; Bennetts, R.; Mole, J.A.; Ainge, J.A.; Gregory, N.J.; Bobak, A K.; Bussunt, A. Rehabilitation of
face-processing skills in an adolescent with prosopagnosia: Evaluation of an online perceptual training
programme. Neuropsychol. Rehabil. 2015, 25, 733-762. [CrossRef] [PubMed]

Barton, J.J.S. Structure and function in acquired prosopagnosia: Lessons from a series of 10 patients with
brain damage. J. Neuropsychol. 2008, 2, 197-225. [CrossRef] [PubMed]

Gainotti, G.; Barbier, A.; Marra, C. Slowly progressive defect in recognition of familiar people in a patient
with right anterior temporal atrophy. Brain 2003, 126, 792-803. [CrossRef] [PubMed]

Bruce, V.; Young, A. Understanding face recognition. Brit. ]. Psychol. 1986, 77, 305-327. [CrossRef] [PubMed]
Haxby, ]J.V.; Hoffman, E.A.; Gobbini, M.I. The distributed human neural system for face perception.
Trends Cogn. Sci. 2000, 4, 223-233. [CrossRef]

De Renzi, E.; Faglioni, P.; Grossi, D.; Nichelli, P. Apperceptive and associative forms of prosopagnosia. Cortex
1991, 27, 213-221. [CrossRef]

Barton, ].J.; Cherkasova, M.V,; Hefter, R.; Cox, T.A.; O’Connor, M.; Manoach, D.S. Are patients with social
developmental disorders prosopagnosic? Perceptual heterogeneity in the Asperger and socio-emotional
processing disorders. Brain 2004, 127, 1706-1716. [CrossRef]

Menghini, D.; Finzi, A.; Benassi, M.; Bolzani, R.; Facoetti, A.; Giovagnoli, S.; Ruffino, M.; Vicari, S. Different
underlying neurocognitive deficits in developmental dyslexia: A comparative study. Neuropsychologia 2010,
48, 863-872. [CrossRef]

Wallace, S.; Coleman, M.; Bailey, A. Face and object processing in autism spectrum disorders. Autism Res.
2008, 1,43-51. [CrossRef]

Weigelt, S.; Koldewyn, K,; Dilks, D.; Balas, B.; McKone, E.; Kanwisher, N. Domain-specific development of
face memory but not face perception. Dev. Sci. 2014, 17, 47-58. [CrossRef]

Bate, S.; Bennetts, R. The independence of expression and identity in face-processing: Evidence from
neuropsychological case studies. Front. Psychol. 2015, 6, 770. [CrossRef] [PubMed]

Bate, S.; Cook, S.J. Covert recognition relies on affective valence in developmental prosopagnosia: Evidence
from the skin conductance response. Neuropsychology 2012, 26, 670-674. [CrossRef] [PubMed]

Dalrymple, K.A.; Garrido, L.; Duchaine, B. Dissociation between face perception and face memory in adults,
but not children, with developmental prosopagnosia. Dev. Cogn. Neuros. Neth. 2014, 10, 10-20. [CrossRef]
[PubMed]

Biotti, F.; Gray, K.L.H.; Cook, R. Is developmental prosopagnosia best characterised as an apperceptive or
mnemonic condition? Neuropsychologia 2019, 124, 285-298. [CrossRef] [PubMed]

McKone, E.; Hall, A.; Pidcock, M.; Palermo, R.; Wilkinson, R.; Rivolta, D.; O’Connor, K. Face ethnicity and
measurement reliability affect face recognition performance in developmental prosopagnosia: Evidence from
the Cambridge Face Memory Test—Australian. Cogn. Neuropsychol. 2011, 28, 109-146. [CrossRef] [PubMed]
Holdnack, H.A. Wechsler Test of Adult Reading: WTAR; Psychological Corporation: San Antonio, TX, USA,
2001.

Connolly, H.L.; Young, A.W.; Lewis, G.J. Recognition of facial expression and identity in part reflects a
common ability, independent of general intelligence and visual short-term memory. Cogn. Emot. 2018, 18,
1-10. [CrossRef] [PubMed]

Wang, R.; Li, J.; Fang, H.; Tian, M; Liu, J. Individual differences in holistic processing predict face recognition
ability. Psychol. Sci. 2012, 23, 169-177. [CrossRef]

Folstein, M.E,; Folstein, S.E.; McHugh, P.R. “Mini-mental state”: A practical method for grading the cognitive
state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Larner, A.J. Screening utility of the Montreal Cognitive Assessment (MoCA): In place of—Or as well As-the
MMSE? Int. Psychogeriatr. 2012, 24, 391-396. [CrossRef]


http://dx.doi.org/10.1016/S0028-3932(02)00222-1
http://dx.doi.org/10.1016/j.neuropsychologia.2005.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16169565
http://dx.doi.org/10.1080/02643290701380491
http://www.ncbi.nlm.nih.gov/pubmed/18416499
http://dx.doi.org/10.1080/09602011.2014.973886
http://www.ncbi.nlm.nih.gov/pubmed/25369318
http://dx.doi.org/10.1348/174866407X214172
http://www.ncbi.nlm.nih.gov/pubmed/19334311
http://dx.doi.org/10.1093/brain/awg092
http://www.ncbi.nlm.nih.gov/pubmed/12615639
http://dx.doi.org/10.1111/j.2044-8295.1986.tb02199.x
http://www.ncbi.nlm.nih.gov/pubmed/3756376
http://dx.doi.org/10.1016/S1364-6613(00)01482-0
http://dx.doi.org/10.1016/S0010-9452(13)80125-6
http://dx.doi.org/10.1093/brain/awh194
http://dx.doi.org/10.1016/j.neuropsychologia.2009.11.003
http://dx.doi.org/10.1002/aur.7
http://dx.doi.org/10.1111/desc.12089
http://dx.doi.org/10.3389/fpsyg.2015.00770
http://www.ncbi.nlm.nih.gov/pubmed/26106348
http://dx.doi.org/10.1037/a0029443
http://www.ncbi.nlm.nih.gov/pubmed/22823135
http://dx.doi.org/10.1016/j.dcn.2014.07.003
http://www.ncbi.nlm.nih.gov/pubmed/25160676
http://dx.doi.org/10.1016/j.neuropsychologia.2018.11.014
http://www.ncbi.nlm.nih.gov/pubmed/30502377
http://dx.doi.org/10.1080/02643294.2011.616880
http://www.ncbi.nlm.nih.gov/pubmed/22122116
http://dx.doi.org/10.1080/02699931.2018.1535425
http://www.ncbi.nlm.nih.gov/pubmed/30336725
http://dx.doi.org/10.1177/0956797611420575
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1017/S1041610211001839

Brain Sci. 2019, 9, 133 17 of 17

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

Humpbhreys, G.; Riddoch, M.]. Birmingham Object Recognition Battery; Lawrence Erlbaum Associates: Hove,
UK, 1993.

Bobak, A.K,; Parris, B.A.; Gregory, N.J.; Bennetts, R.].; Bate, S. Eye-movement strategies in developmental
prosopagnosia and “super” face recognition. Q. J. Exp. Psychol. 2017, 70, 201-217. [CrossRef]

Gainotti, G. Is the right anterior temporal variant of prosopagnosia a form of “associative prosopagnosia” or a
form of ‘multimodal person recognition disorder’? Neuropsychol. Rev. 2013, 23, 99-110. [CrossRef] [PubMed]
Weigelt, S.; Koldewyn, K.; Kanwisher, N. Face identity recognition in autism spectrum disorders: A review
of behavioral studies. Neurosci. Biobehav. Rev. 2012, 36, 1060-1084. [CrossRef] [PubMed]

Baron-Cohen, S.; Wheelwright, S.; Skinner, R.; Martin, J.; Clubley, E. The Autism-Spectrum Quotient
(AQ): Evidence from Asperger Syndrome/High-Functioning Autism, males and females, scientists and
mathematicians. J. Autism Dev. Disord. 2001, 31, 5-17. [CrossRef] [PubMed]

Avidan, G.; Tanzer, M.; Behrmann, M. Impaired holistic processing in congenital prosopagnosia.
Neuropsychologia 2011, 49, 2541-2552. [CrossRef] [PubMed]

DeGutis, J.; Cohan, S.; Mercado, R.J.; Wilmer, J.; Nakayama, K. Holistic processing of the mouth but not the
eyes in developmental prosopagnosia. Cogn. Neuropsych. 2012, 29, 419-446. [CrossRef] [PubMed]
Rezlescu, C.; Pitcher, D.; Duchaine, B. Acquired prosopagnosia with spared within-class object recognition
but impaired recognition of degraded basic-level objects. Cogn. Neuropsych. 2012, 29, 325-347. [CrossRef]
[PubMed]

Wilmer, ].B.; Germine, L.; Chabris, C.E,; Chatterjee, G.; Williams, M.; Loken, E.; Nakayama, K.; Duchaine, B.
Human face recognition ability is specific and highly heritable. Proc. Natl. Acad. Sci. USA 2010, 107,
5238-5241. [CrossRef]

Crawford, J.R.; Howell, D.C. Comparing an individual’s test score against norms derived from small samples.
Clin. Neuropsychol. 1998, 12, 482-486. [CrossRef]

Crawford, J.R.; Garthwaite, P.H. Testing for suspected impairments and dissociations in single-case studies in
neuropsychology: Evaluation of alternatives using Monte Carlo simulations and revised tests for dissociations.
Neuropsychology 2005, 19, 318-331. [CrossRef]

Gainotti, G.; Marra, C. Differential contribution of right and left temporo-occipital and anterior temporal
lesions to face recognition disorders. Front. Hum. Neurosci. 2011, 5, 55. [CrossRef]

Dobel, C.; Bolte, J.; Aicher, M.; Schweinberger, S.R. Prosopagnosia without apparent cause: Overview and
diagnosis of six cases. Cortex 2007, 43, 718-733. [CrossRef]

Bobak, A K.; Pampoulov, P; Bate, S. Detecting superior face recognition skills in a large sample of young
British adults. Front. Psychol. 2016, 7, 1378. [CrossRef] [PubMed]

Farah, M.]. Visual Agnosia; MIT Press: Cambridge, UK, 1990.

Eimer, M.; Gosling, A.; Duchaine, B. Electrophysiological markers of covert face recognition in developmental
prosopagnosia. Brain 2012, 135, 542-554. [CrossRef] [PubMed]

Bate, S.; Haslam, C.; Tree, J.J.; Hodgson, T.L. Evidence of an eye-movement based memory effect in
developmental prosopagnosia. Cortex 2008, 44, 806-819. [CrossRef] [PubMed]

Rossion, B.; Michel, C. Normative accuracy and response time data for the computerized Benton Facial
Recognition Test (BFRT-c). Behav. Res. Methods 2018, 50, 2442-2460. [CrossRef] [PubMed]

Jenkins, R.; White, D.; Van Montfort, X.; Burton, A.M. Variability in photos of the same face. Cognition 2011,
121, 313-323. [CrossRef] [PubMed]

Arizpe, ].M,; Saad, E.; Douglas, A.O.; Germine, L.; Wilmer, ].B.; DeGutis, ].M. Self-reported face recognition
is highly valid, but alone is not highly discriminative of prosopagnosia-level performance on objective
assessments. Behav. Res. Methods 2019, 51, 1102-1116. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/17470218.2016.1161059
http://dx.doi.org/10.1007/s11065-013-9232-7
http://www.ncbi.nlm.nih.gov/pubmed/23579426
http://dx.doi.org/10.1016/j.neubiorev.2011.12.008
http://www.ncbi.nlm.nih.gov/pubmed/22212588
http://dx.doi.org/10.1023/A:1005653411471
http://www.ncbi.nlm.nih.gov/pubmed/11439754
http://dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21601583
http://dx.doi.org/10.1080/02643294.2012.754745
http://www.ncbi.nlm.nih.gov/pubmed/23428080
http://dx.doi.org/10.1080/02643294.2012.749223
http://www.ncbi.nlm.nih.gov/pubmed/23216309
http://dx.doi.org/10.1073/pnas.0913053107
http://dx.doi.org/10.1076/clin.12.4.482.7241
http://dx.doi.org/10.1037/0894-4105.19.3.318
http://dx.doi.org/10.3389/fnhum.2011.00055
http://dx.doi.org/10.1016/S0010-9452(08)70501-X
http://dx.doi.org/10.3389/fpsyg.2016.01378
http://www.ncbi.nlm.nih.gov/pubmed/27713706
http://dx.doi.org/10.1093/brain/awr347
http://www.ncbi.nlm.nih.gov/pubmed/22271660
http://dx.doi.org/10.1016/j.cortex.2007.02.004
http://www.ncbi.nlm.nih.gov/pubmed/18489961
http://dx.doi.org/10.3758/s13428-018-1023-x
http://www.ncbi.nlm.nih.gov/pubmed/29549569
http://dx.doi.org/10.1016/j.cognition.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/21890124
http://dx.doi.org/10.3758/s13428-018-01195-w
http://www.ncbi.nlm.nih.gov/pubmed/30761463
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Participants 
	Materials 
	Background Neuropsychological Screening 
	Face-Processing 

	Procedure 
	Statistical Analyses 

	Results 
	Control Performance 
	DPs: Initial Exclusions 
	Diagnosis of DP 
	Dissociating Different Patterns of DP Presentation 

	Discussion 
	Conclusions 
	References

