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a b s t r a c t

Poor performance on cognitive assessment tasks may indicate a selective ‘impairment’.

However, it is unclear whether such difficulties separate the individual from the general

population qualitatively (i.e., they form a discrete group) or quantitatively (i.e., they

represent the lower end of a continuous distribution). Taxometric methods address this

question but have rarely been applied to cognitive disorders. This study examined the

latent structure of developmental prosopagnosia (DP) e a relatively selective deficit in face

recognition that occurs in the absence of neurological injury. Multiple taxometric pro-

cedures were applied to dominant diagnostic indices of face recognition ability across two

independent datasets. All analyses supported a categorical outcome, even for mild cases of

DP, suggesting that it is a qualitatively distinct condition. This finding has significant im-

plications for our understanding of DP given it has traditionally been viewed as a contin-

uous impairment. In particular, existing (arbitrary) diagnostic cut-offs may be too

conservative, underestimating prevalence rates and prohibiting big-data approaches to

theoretical study. More broadly, these conclusions support application of the taxometric

method to many other cognitive processes where weaknesses are predominantly assumed

to reside on a continuous distribution.

© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

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

A fundamental question challenging clinicians and scientists

is whether psychopathologies or ‘disordered’ constructs are

more accurately conceptualized in a categorical (i.e., with a

clear boundary between individuals with and without the

condition) or dimensional (i.e., continuous) manner. Meehl

(1992) refers to clinical conditions that qualify as categorical

as “taxa”, conceptually defined as categories that have a latent

structure that is based on an enduring, objective, non-

arbitrary and naturally-occurring distinction between mem-

bers and non-members. The taxometric method (Meehl, 1992,

1995) is used to objectively determine whether particular

constructs meet these criteria via the rigorous application of

data-analytic procedures that search for abrupt changes in

distributions of scores, which may indicate the presence of

latent subgroups. To date, the technique has frequently been

used to determine whether many personality and psychiatric

conditions possess a single categorical boundary (Ruscio &

Ruscio, 2004), critically informing the assessment and statis-

tical techniques that are used in diagnostic practice as well as

advancing research methodology and theory.

Debates regarding the categorical or dimensional nature of

psychopathologies have also circulated for decades in the

cognitive psychology literature, although the taxometric

method has seldom been applied [but see taxometric analyses

of specific language impairment (Dollaghan, 2004, 2011) and

autism spectrum traits (Frazier et al., 2010; James et al., 2016)].

Here, it is generally accepted that broad cognitive abilities are

dimensional due to multiple causal influences, although it is

reasonable to suspect that more specific processes represent

distinct taxa (Ruscio et al., 2006).Whether this is genuinely the

case for many cognitive conditions, however, remains un-

known. In fact, the current state of the art is often contra-

dictory, acknowledging that some abilities vary widely in the

typical population, while also regarding poor-performers as

“clinically impaired” if they fail to reach some arbitrary

threshold on an assessment task (Palermo et al., 2014; Peretz

et al., 2008). Thus, the latent structure and conceptualisation

of many cognitive processes remain unresolved, despite pre-

senting as ideal candidates for taxometric analysis.

A key example is the domain of face recognitionea process

that many believe is underpinned by specialised processing

strategies (Yin, 1969; Young et al., 1987; Yovel & Kanwisher,

2004) and dedicated neural regions (Kanwisher et al., 1997;

McCarthy et al., 1997). It has long been known that damage to

these brain areas severely disrupts face recognition skillsea

condition known as “acquired prosopagnosia” (Bodamer,

1947; de Renzi et al., 1991). Although this condition is rare, it

has an observable pathological basis and the loss of the ability

to recognise highly familiar faces severely contrasts with pre-

morbid abilities. While the psychopathology of acquired pro-

sopagnosia seems clear, in the last 30 years it has become

apparent that much larger numbers of people experience

difficulties with face recognition that occur in the absence of

any concurrent neurological, psychiatric, intellectual or visual

conditions (Bate et al., 2019a; Susilo & Duchaine, 2013). These

apparently lifelong instances of face recognition deficits are

often conceptualised as the developmental equivalent of
acquired prosopagnosia (the condition has even been coined

“developmental prosopagnosia”: DP; McConachie, 1976),

although there appears to be more variation in the severity of

this form of the condition (Barton& Corrow, 2016; Bate& Tree,

2017). Further, the parallel study of face recognition skills in

the typical population has also revealed a broad spectrum of

ability (e.g., Bindemann et al., 2012; Wang et al., 2012; White &

Burton, 2022; Yovel et al., 2014).

These observations raise the question of whether face

recognition skills naturally fall on a vast continuum, where

those at the “bottom end of normal” are regarded as experi-

encing DP (Barton & Corrow, 2016; Bate & Tree, 2017; Corrow

et al., 2016). This viewpoint is bolstered by the fact that, in

addition to the absence of organic damage, no firm biological

or genetic basis for DP has yet been observed (though some

evidence links structural and functional neurological differ-

ences to face processing deficits in those with the condition;

e.g., Avidan & Behrmann, 2009, 2014; Furl et al., 2011; Rivolta

et al., 2014; Zhang et al., 2015; and there is some suggestion

of heritability of the condition; see Bate et al., 2024; Duchaine

et al., 2007; Kennerknecht et al., 2008; Lee et al., 2010; Schmalzl

et al., 2008). Thus, in the absence of a pathogenic marker,

developmental face recognition difficulties are commonly

regarded as continuous impairments, where diagnostic cut-

offs are simply based on arbitrary criteria that are calculated

using statistical rules of thumb (for discussion see Barton &

Corrow, 2016; Bate & Tree, 2017).

Perhaps due to the lack of availability of large and relevant

datasets, only one study to date has attempted to directly

address the psychopathology of DP. DeGutis et al. (2023) per-

formed cluster analyses on a large dataset (DeGutis & Evans,

2023; N ¼ 3,116) containing scores on dominant diagnostic

indicators of the condition (a subjective self-report measure,

plus scores on an unfamiliar face recognition task and a

famous face recognition task). The authors examinedwhether

there was a natural grouping of poorer face recognizers, but

failed to find consistent groupings beyond those with skills

that were generally above-versus generally below-average.

Further, when the authors reviewed the diagnostic criteria

used across 43 existing DP studies, they did not find an asso-

ciation between greater diagnostic strictness and perfor-

mance on a face perception task (although note that this

measure is not typically used in DP diagnosis because

perception may dissociate from memory in at least some in-

dividuals: Bate et al., 2019b; Bate et al., 2022; Biotti et al., 2019;

Dalrymple et al., 2014; Murray et al., 2022; Stantic et al., 2022).

While these findings appear to support dimensionality, it

should be noted that cluster analyses cannot determine

whether a categorical or dimensional model best captures the

latent structure of data (see Beauchaine, 2003; Beauchaine &

Beauchaine, 2002; Beauchaine & Marsh, 2006, for expanded

discussions). That is, cluster analysis cannot identify discrete

taxa because most algorithms always partition datasets into

subgroups, yet methods for determining the correct number

of clusters are only effective when symptom overlap is absent

or minimalea circumstance that rarely occurs in psychologi-

cal research (see Grove, 1991; Milligan & Cooper, 1985;

Tonidandel & Overall, 2004). Thus, the latent structure of DP

has yet to be firmly addressed.

https://doi.org/10.1016/j.cortex.2024.10.021
https://doi.org/10.1016/j.cortex.2024.10.021


c o r t e x 1 8 3 ( 2 0 2 5 ) 1 3 1e1 4 5 133
The current investigation addressed this issue, performing

the first taxometric analysis of DP. In an initial study we

analyse a dataset collected by our laboratory, containing the

performance of confirmed DP participants and a complement

(control) class on core diagnostic measures of face recognition

ability. We specifically aimed to clarify whether people with

DP possess face recognition skills that differ qualitatively and

non-arbitrarily from the typical population, or whether they

merely reside at the bottom end of a continuous distribution

(i.e., their face recognition skills fall below an arbitrary cut-off

but are not otherwise distinct). The outcome of this study

supports a taxonic structure. To determine whether this

finding replicates in a much larger, incidentally recruited

population, a second study reanalyses the open access dataset

collected by DeGutis and Evans (2023). In addition to replica-

tion of our earlier findings, we also investigate whether the

taxonic outcomewould extend to individuals with “Minor”DP,

who are diagnosed under a more relaxed set of criteria.
1 One participant failed to engage with all the tasks and was
replaced during recruitment. The demographical data presented
here reflects the final sample.

2 Our decision to use these two measures was also informed by
the likelihood of their ability to detect a taxon should one exist.
That is, neither is influenced by chance and scores within the full
range are possible, and both tap familiar face recognition (one
objectively and one subjectively) e the dominant aspect of face
recognition that reflects everyday functioning and at which most
typical perceivers excel (e.g., Bruce et al., 2001; Burton et al., 1999;
Hancock et al., 2000; Johnston & Edmonds, 2009).
2. Study one

To determine whether face recognition ability in adults dis-

tributes in a categorical or dimensionalmanner,we performed

a series of taxometric analyses on a dataset that was collected

by our laboratory, containing a cohort of pre-confirmed par-

ticipants with DP and age- and ethnicity-matched comple-

ment participants. In brief (the full approach is expanded

below), the taxometric method is a statistical technique that

tests whether a latent variable, measured by two or more

ordinal or continuous observed variables, is categorical or

continuous. To achieve this, it takes scores on two or more

diagnostic indicators from members of the hypothesized

category (the taxon, here DP) and the “typical” population (the

complement class), and orders them along any one of these

indicators (referred to as the “input” variable). The resulting

distribution is then divided into a number of “windows” or

“cuts”, where the relationship between the input and

remaining (“output”) variables is examined. At each of these

points, the bootstrapped dataset is compared with idealised

categorical and dimensional models, and a value is calculated

that indicateswhichmodel best fitswith the data. This value is

supplemented by output plots, where a taxon, if present, is

typically visible via a distinct peak.

2.1. Materials and methods

We report how we determined our sample size, all data ex-

clusions, all inclusion/exclusion criteria, whether inclusion/

exclusion criteria were established prior to data analysis, all

manipulations, and all measures in the study.

2.1.1. Participants
The minimum total sample size required for taxometric anal-

ysis is 300, ofwhichat least 10%of cases should be the proposed

taxon (Meehl, 1995; Walters & Ruscio, 2009). Our online proso-

pagnosia screening programme (www.prosopagnosiaresearch.

org) had yielded 31 individuals (24 female; aged 36e60 years,

M ¼ 49.8, SD ¼ 7.3) within the year 2020 who met dominant

diagnostic criteria (Bate& Tree, 2017) for a diagnosis of DP. This
requires some element of self-report (in this case it was self-

referral to our laboratory for screening purposes), and the

application of strict exclusion criteria prior to task completion

(i.e., no history of neurological injury or concurrent psychiatric,

developmental or intellectual condition). In addition, each in-

dividual is required to score at least two SDs below the control

mean (age-matched norms are applied from Bate et al., 2019c;

raw scores can be found in the raw data files: https://osf.io/

jx9d7/) on at least two objective tests of face recognition: the

Cambridge Face Memory Test (CFMT; Duchaine & Nakayama,

2006), the Cambridge Face Perception Test (CFPT; Duchaine

et al., 2007), and the Famous Faces Test (Bate et al., 2019c). To

achieve a total cohort size of 300, we collected data from a

further 269 participants (135 female) aged 35e59 years (M¼ 45.5

years, SD¼ 6.8),1 whowere recruited via the Prolific participant

database (www.prolific.co) in the same year that the DP partic-

ipants were tested. These participants were presumed to be

members of the “typical” population, and all confirmed that

they had no history of psychiatric, developmental or neurolog-

ical conditions. All DP and typical participants were UK na-

tionals who had lived in the country for the majority of their

lives. Ethical approval for the study was received from the

institutional Ethics Committee.

2.1.2. Materials and procedure
Taxometric analyses typically employ measures that are used

for diagnosis of the proposed taxon. However, indicators need

to meet a specific set of assumptions: they should (a) each

substantially differ between the proposed taxon and com-

plement group by a minimum Cohen's d effect size of 1.25

(Meehl, 1995), and (b) be relatively uncorrelated (mean r < .3)

among the taxon and complement cases (Ruscio et al., 2006).

While these input data requirements are required for the

taxometric method to be able to detect a categorical structure

if it is present, they do not guarantee a categorical outcome. In

fact, Haslam et al. (2020) carried out a meta-analysis of 183

research articles, and reported that findings supporting

dimensional models outnumbered those supporting taxonic

models by five to one.

Although we already held data for our 31 DP participants

across several diagnostic measures (see raw data: https://osf.

io/jx9d7/), for budgetary reasons we could not run the entire

battery across such a large number of typical participants on

an exploratory basis. At the same time, we wished to collect

the complement data in the exact same manner as the DP

data. We therefore selected the two indicators that are

completed at the very start of the DP screening session, which,

based on existing smaller datasets, we anticipated would

meet the input assumptions for taxometric analysis.2 These

http://www.prosopagnosiaresearch.org
http://www.prosopagnosiaresearch.org
https://osf.io/jx9d7/
https://osf.io/jx9d7/
http://www.prolific.co
https://osf.io/jx9d7/
https://osf.io/jx9d7/
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were the data-driven Prosopagnosia Symptom Checklist (PSC)

that was developed and validated by our group (Murray et al.,

2018), and a short version of the famous face recognition task

that has been used in our published work to diagnose DP (Bate

et al., 2019c):

Prosopagnosia Symptom Checklist (Murray et al., 2018): Par-

ticipants were presented with a list of 16 hallmark symptoms

of DP (https://osf.io/jx9d7/) that were developed from in-

terviews with adults with DP, their significant others and the

parents of children with DP. In response to each symptom,

they were asked to provide a rating on a Likert scale ranging

from 1 to 5 (1 ¼ never; 5 ¼ frequently), indicating how

frequently they experienced each scenario in their everyday

face recognition experiences. Responses were totalled to

provide an overall score out of 80, where higher responses

corresponded to greater everyday difficulties in face recogni-

tion. Analysis of data returned from DP and complement

participants indicated that the PSC is highly reliable (Cron-

bach's alpha ¼ .88 and .92 respectively).

Famous Faces Test (Bate et al., 2019c):We used a famous face

recognition task that had been specifically developed for in-

dividuals in our target age group, containing the faces of ce-

lebrities that were identified to be highly familiar to this age-

range in initial pilot-testing. Here, we presented the faces of

the most well-known 30 celebrities from a pool of 60 (as

identified in Bate et al., 2019c). Each face was displayed

sequentially, in a random order, for an unlimited time period.

Participants were asked to type the person's name or some

uniquely identifying biographical fact about that individual.

As the measure of interest for prosopagnosia diagnosis is

recognition rather than naming (Barton & Corrow, 2016; Biotti

et al., 2019; Dalrymple & Palermo, 2016; Tsantani & Cook,

2020), either a name or uniquely-identifying biographical

fact was accepted as a correct response. At the end of the

study, participants were provided with a list of the names of

the celebrities they had just viewed and were asked to rate

their familiarity on a Likert scale that ranged from 1 (not at all

familiar) to 5 (very familiar). Any celebrity that was unknown

to each participant by name (i.e., those that were scored as a 1

or 2 on the Likert scale) were removed from the overall score

and the percentage correct was adjusted accordingly. This

design is adhered to by the majority of prosopagnosia labo-

ratories worldwide (e.g., Arizpe et al., 2019; Bate et al., 2019b;

Dalrymple & Palermo, 2016; Eimer et al., 2012; Mishra et al.,

2021; Tsantani & Cook, 2020), and these tasks have very

good reliability (e.g., .75-.80, Pozo et al., 2023). Here, we

calculated split-half reliability using RELEX (Steinke & Kopp,

2020), a software programme that repeatedly samples reli-

ability coefficients from random splits while accounting for

missing data (i.e., trials in which participants indicated they

were not familiar with the person's name). A congeneric

measurement model was assumed, so we report rSC (the

AngoffeFeldt coefficient; see Steinke& Kopp, 2020). Using this

method, split-half reliability sampling with 10,000 iterations

revealed a median reliability estimate of rSC ¼ .914; 95% of the

sampled reliability coefficients lay between rSC ¼ .885 and

rSC ¼ .932.

We do not have legal permission to publicly archive the

stimuli used in this task; however, they can be accessed by

contacting Prof. Sarah Bate (sbate@bournemouth.ac.uk).
Both DP and complement participants completed both

tasks online via the Testable (www.testable.org) platform, in

an identical manner. The PSC was always completed first so

that participants did not reflect upon their performance in the

more objective famous face recognition test prior to

completing ratings of their everyday experiences with faces.

Data for this study is publicly available at https://osf.io/jx9d7/.

2.1.3. Statistical analyses
There are two taxometric procedures that can be applied to

datasets containing two diagnostic indicators:

MAMBAC (Mean AboveMinus Below A Cut; Meehl& Yonce,

1994): MAMBAC is the simplest taxometric procedure. It as-

sumes that data has a taxonic structure when an optimal

cutting score is found that accurately classifies the cases into

two groups, with only a small number of false positives and

false negatives. Conversely, when no optimal cutting score is

found, it assumes there are no groups to be distinguished and

structure is therefore dimensional. MAMBAC searches for this

optimal cutting score by sorting cases along the input indi-

cator; a moving cutting score is then applied to this distribu-

tion, and cases falling above or below the cutting score are

used to calculate mean differences from the output in-

dicator(s). These differences are plotted along the y axis of a

MAMBAC graph, with the number of cases plotted on the x

axis. A peaked MAMBAC curve suggests a taxonic structure,

where the optimal cutting score lies in the region of the peak.

In contrast, concave curves without a clear peak reflect

dimensional structure, often curving upwards at one or both

endpoints.

MAMBAC also calculates an objective index that quantifies

the relative fit of the results against categorical and dimen-

sional comparison data: the Comparison Curve Fit Index

(CCFI; for a review see Ruscio et al., 2011). CCFI values range

from 0 to 1, where lower scores provide the strongest support

for dimensional structure, and higher scores provide the

strongest support for taxonic structure. Ruscio et al. (2010)

recommended that CCFI values between .45 and .55 are

treated as ambiguous, and this can be extended to those be-

tween .40 and .60 if one wishes to be particularly cautious.

MAXSLOPE (Maximum Slope; Grove & Meehl, 1993): MAX-

SLOPE is a simplified version of the MAXCOV (Maximum

Covariance; Meehl & Yonce, 1996) procedure, offering an

alternative procedure to MAMBAC when only two variables

are available. MAXSLOPE creates a scatterplot between the

two variables, and Cleveland's (1979) LOWESS (locally

weighted scatterplot smoother) procedure is used to performa

nonlinear regression. When the resulting LOWESS curve fol-

lows an S-shaped trajectory, taxonic structure is inferred

(slopes are fairly flat for low- and high-scoring cases, but

steeper for those with intermediate scores). In contrast, a

dimensional structure results in a fairly straight LOWESS

curve with a positive slope. Ruscio and Walters (2011) rec-

ommended that the MAXSLOPE graph should be changed

from a scatterplot to a plot of slopes by indicator scores,

allowing for easier interpretation and the calculation of a CCFI

value.

A key recommendation in the taxometric method is to

carry out multiple analyses to assess the consistency of find-

ings (Meehl, 1992). Here, we applied this recommendation by

https://osf.io/jx9d7/
mailto:sbate@bournemouth.ac.uk
http://www.testable.org
https://osf.io/jx9d7/
https://doi.org/10.1016/j.cortex.2024.10.021
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Table 1 e Mean (SD) scores for the DP and complement
groups on the PSC and Famous Faces Test.

PSC (raw score/80) Famous Faces Test (%)

DPs 67.29 (8.46) 47.04 (16.47)

Complement 39.71 (10.72) 96.29 (5.26)
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implementing both the MAMBAC and MAXSLOPE procedures.

The analyses were conducted using the R package and script

developed by Ruscio and Wang (2017). Both the Famous Face

Test and PSC indicators acted as inputs across 50 evenly

spaced cuts, with 10 replications to ensure stability at each

partition point (for evidence that this approach ensures sta-

bility of the outcome, see Ruscio & Walters, 2009; Walters &

Ruscio, 2010). Two hundred data sets (100 categorical and

100 dimensional) were simulated as comparison data. Note

that no part of the study procedures or analyses was pre-

registered prior to the research being conducted.

2.2. Results

Mean and SD scores for each indicator are presented as a

function of group in Table 1, and the overall distributions are

presented in Fig. 1. Inspection of individual scores in the

complement group did not highlight any cases that could be

suspicious for the taxon: where PSC scores were high (indi-

cating high agreement with DP symptoms) they were not

accompanied by poor famous face recognition scores and vice

versa. Thus, all complement data were retained for the main

analyses. While all DPs performed poorly on the FFT (i.e., at

performing below the 2SD cutoff), 10 individuals returned PSC

scores that were between 1 and 2 SDs from the complement

mean.

Next, we inspected our dataset to ensure the taxometric

method could be applied. Both the inter-group effect sizes for

the Famous Faces Test and the PSC met the required criterion

(Cohen's d > 1.25; Meehl, 1995): t (30.709) ¼ 16.551, p ¼ .001,

d ¼ 6.82, and t (298) ¼ 13.835, p ¼ .001, d ¼ 2.62, respectively.

Further, correlations between the two tasks were at an

acceptable level (r < .30; Ruscio et al., 2006) in both the DP

(r ¼ �.29, p ¼ .120) and complement (r ¼ �.09, p ¼ .150) groups.

We were therefore able to proceed to the main taxometric

analyses.

Examination of the comparison curves from two taxo-

metric analyses indicated a better fit with a categorical

structure. Fig. 2A displays the averaged MAMBAC curve

against simulated categorical and dimensional data: while the

categorical comparison and observed data are a close fit, the

dimensional data are not. This is supported by the MAMBAC

CCFI of .85. A similar finding was observed for the MAXSLOPE

analysis (CCFI¼ .69; see Fig. 2B). Given the averaged CCFI value

of .77 is well above the most conservative threshold for a

categorical outcome (.6), these findings are interpreted as

support for DP being a taxon.

2.3. Discussion

Two taxometric analyses provided evidence for DP being a

categorically distinct condition, using objective and subjective
indices of face recognition ability. This finding differs from

existing views that DP is best conceptualised as a dimensional

condition (e.g., Corrow et al., 2016; Tardif et al., 2019, but see

Tian et al., 2020). While these assumptions have not previ-

ously been tested, they are largely based on observations that

face recognition ability varies widely in the typical population

(e.g., Bate et al., 2010; Bindemann et al., 2012;Wang et al., 2012;

White & Burton, 2022; Yovel et al., 2014) and in the severity of

DP itself (Barton & Corrow, 2016; Bate & Tree, 2017).

There is good reason to challenge this notion in light of the

current set of findings. First, the variation in face recognition

performance in typical perceivers is observed on measures of

unfamiliar face recognition. That is, many people struggle to

recognise faces they have only briefly seen before (e.g., Bruce

et al., 2001; Hancock et al., 2000). In contrast, the vast majority

of the population find it remarkably easy to recognise the

faces of highly familiar people, and can even recognise these

faces under the most challenging of viewing conditions (e.g.,

Burton et al., 1999; Jenkins et al., 2011; Johnston & Edmonds,

2009; Kramer et al., 2018).

Although prosopagnosia is often assessed using more

convenient unfamiliar face recognition tasks, the traditional

and most striking symptom (and the one that drives people

to seek a diagnosis) is the failure to recognise highly familiar

faces in everyday life (Adams et al., 2020; Murray et al., 2018;

Portch et al., 2023). The two indicators used in the current

study offer a closer reflection of this symptom than unfa-

miliar face recognition indices, and the categorical outcome

supports our rationale of using the most appropriate mea-

sures to seek initial evidence that DP is a taxon. However,

given unfamiliar face recognition skills are also disrupted in

DP, together with the practical advantages of administering

unfamiliar face recognition tasks, the next stage of investi-

gation requires exploration of whether a taxonic outcome

would also be observed when this indicator is combined with

subjective and/or objective measures of familiar face

recognition.

Second, the notion that DP itself may vary in severity also

requires further exploration. Again, this concept has particu-

larly been observed in the distribution of performance on

unfamiliar face recognition tasks, where wide variation in

performance may also reflect the influences of chance or

measurement error. However, the distribution of DP perfor-

mance in the current study also indicates some variation (see

Fig. 1), despite the fact that these individuals were pre-

identified to have DP via the application of strict diagnostic

protocols. What we cannot see from the current dataset is the

performance of individuals who failed to meet these strict

diagnostic criteria but nevertheless claim that they experience

face recognition difficulties in everyday life. Such individuals

may genuinely be those that experience the condition but

have not been detected by the diagnostic approach used here,

perhaps because they have found ways to effectively cope

with or circumvent their difficulties in daily life (reducing their

ratings of poor functioning on self-report questionnaires) and/

or in objective assessment tasks (i.e., via the application of

suboptimal cognitive strategies that result in a higher pro-

portion of correct responses; Portch et al., 2023). A further

alternative is that self-report of face recognition difficulties

may tap different constructs to objective tasks, prohibiting

https://doi.org/10.1016/j.cortex.2024.10.021
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Fig. 1 e The distribution of scores for the DP and complement groups on (A) the PSC and (B) the Famous Faces Test.
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some individuals from meeting the required diagnostic

criteria across multiple measures (see Gerlach et al., 2024).

While several authors have very recently debated the need for

more inclusive diagnostic criteria that take account of both

subjective and objective measures, while also relaxing the
thresholds for cut-off performance (e.g., Burns et al., 2023;

DeGutis & Campbell, 2024; Epihover & Astle, 2024; Gerlach

et al., 2024), further work is required to map the underpin-

ning constructs of these measures to examine their inter-

relationships.

https://doi.org/10.1016/j.cortex.2024.10.021
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Fig. 2 e Categorical and dimensional comparison data from the (A) MAMBAC (CCFI ¼ .85) and (B) MAXSLOPE (CCFI ¼ .69)

analyses. The average curve from each taxometric procedure is portrayed by the thick black line, against curves that are produced

from simulated comparison datasets. The grey band represents the middle 50% of values from the comparison datasets, framed by

the two thin dark lines that mark the largest and smallest values of the comparison datasets. For both taxometric procedures, the

graphs show that the categorical comparison and observed data offer a closer fit than the dimensional data, which falls outside of

the boundaries of the comparison values.
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To address the issues outlined above, and to replicate the

basic finding that DP is a taxon, we performed a second

taxometric analysis on a different dataset. This was also

important because there are other potential limitations in our

first study: we used the minimum sample size for taxometric

analysis, we selected indicators that weremost likely to result

in a taxonic outcome, and we used a pre-existing group of DP

participants and a separate complement cohort rather than

random sampling from a single population. In Study 2 we

were able to overcome these limitations by reanalysing the

open access dataset offered by DeGutis and Evans (2023),

incorporating a measure of unfamiliar face recognition into

the taxometric analysis and including a group of “Minor” DPs

as an additional proposed taxon (i.e., those who report

everyday face recognition difficulties but only meet a lower-

bound cut-off of 1e2 SDs on diagnostic tests).
3. Study 2

To further determine whether face recognition ability in

adults distributes in a categorical or dimensional fashion, we

performed a series of taxometric analyses on the large exist-

ing dataset (N ¼ 3,116) offered by DeGutis and Evans (2023).

This dataset presents scores on three diagnostic measures

that are variations of those dominantly used in DP screening:
An alternative version of the CFMT referred to as the “CFMT3”,

various versions of a famous face recognition task, and a self-

report questionnaire that enquires about everyday experi-

ences when recognising faces (the Cambridge Face Memory

Questionnaire, CFMQ: Arizpe et al., 2019). The authors previ-

ously applied cluster analyses to this dataset, resulting in

groupings that only reflected generally above-versus generally

below-average face recognition skills. However, taxometric

analysisethe technique that can more definitively inform

whether DP is a taxonehas not yet been applied to this

dataset.

Pertinently, DeGutis et al. (2023) also challenged the

conservativeness of existing DP diagnostic criteria in a review

of 43 studies, finding only a weak association between diag-

nostic strictness and face perception ability (as measured by

the CFPT). The authors suggest this finding supports the use of

more relaxed diagnostic criteria, as the presentation of the

condition does not fundamentally change when this occurs.

Burns et al. (2023) reported a similar finding: participants

missing the typical 2SD CFMT cut-off still exhibited significant

(but milder, i.e., � 1SD) impairments on the CFPT (Duchaine

et al., 2007) and a famous face test. Further, these in-

dividuals performed comparably to a severely impaired group

on a measure of holistic processing and in their level of self-

reported face recognition difficulties. As such, DeGutis et al.

not only recommend that face recognition ability should be

https://doi.org/10.1016/j.cortex.2024.10.021
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viewed on a continuum, but they also suggested that the

diagnosis of DP should follow the rule-of-thumb recom-

mended by DSM-V (Sachdev et al., 2014), partitioning the

condition into those with major (more than 2 SDs from the

mean) versus mild (1e2 SDs from the mean) symptoms.

In our reanalysis of this dataset we were able to address

this issue as well as the other limitations from Study 1, while

examining whether the categorical outcome replicated in an

independent cohort. Thus, we applied the taxometric method

to this much larger sample where (a) we could conduct mul-

tiple replication analyses, (b) indicators of both unfamiliar and

familiar face recognition ability were available, and (c) the DP

group was extracted from the same sample as the comple-

ment and could be separated into those with “Major” versus

“Minor” forms of the condition.

3.1. Dataset

3116 adult volunteers (1904 females) from theUSA contributed

to DeGutis and Evans’s (2023) dataset. Their age ranged from

18 to 55 years (M¼ 31.0 years, SD¼ 10.5), and 61%were female.

The study description did not call for participants of a certain

face recognition ability, although the authors note that it may

have inevitably attracted more individuals who suspect they

struggle with face recognition than would be found in a fully

representative sample (i.e., these participants may have

participated because they wished to gain insight into their

face recognition ability). All participants completed three as-

sessments of face recognition online, via the testmybrain.org

website. Tasks were completed in the following order:

CFMQ: This previously validated (see Arizpe et al., 2019) 18-

item questionnaire requires participants to self-assess their

face recognition skills in daily life. Items assess the frequency

of positive and negative instances of face recognition perfor-

mance, with one question requiring participants' assessment

of their own skills relative to that of others. DeGutis et al.

(2023) reported the CFMQ to be highly reliable (Cronbach's
alpha ¼ .91).

CFMT3: This task is an alternate version of the dominant

CFMT (Duchaine & Nakayama, 2006) that is widely used in

prosopagnosia screening (Bate et al., 2019c; Burns et al., 2023;

Dalrymple & Palermo, 2016). The paradigm is described in

depth elsewhere (see Duchaine & Nakayama, 2006); in brief,

participants are required to learn six target faces and then

recognize them across 72 triads of faces with varying levels of

difficulty. The identical paradigm is applied to the CFMT3, but

the facial images have been replaced with artificially-

generated faces that depict different identities to those used

in the original version. DeGutis et al. (2023) report that the

CFMT3 has high internal consistency (Cronbach's alpha ¼ .76)

and found a robust correlation with performance on the

original CFMT in 67 individuals (r ¼ .61, p < .001).

Famous face recognition test: Each participant took part in

one of three versions of a famous face recognition task that

has been used in previouswork (seeMishra et al., 2019), where

theywere required to identify images of 26, 27 or 40 celebrities

from images that had been cropped around the jawline (24

images were repeated in at least one of the other versions).

Participants were asked to type the name or some unique

biographical information about the person in response to each
face; they then viewed the correct answer and were asked to

score their response (this facilitated a score that was based on

face recognition itself, rather than naming and/or spelling

accuracy). As in our procedure for Study 1, participants were

then asked if they were actually familiar with the person, and

trials were removed where the participant had no prior

exposure to the target (note, as in Study 1, this prohibited a

measure of reliability to be calculated for this particular task).

To normalize the scores across the three different versions of

the task, DeGutis et al. (2023) calculated the version-specific z-

score for each participant.

3.2. Data overview

We initially inspected DeGutis and Evans’s (2023) dataset to

ensure the taxometric method could be applied. The first step

required separation of the proposed taxon from the comple-

ment class. We initially applied the dominant and most con-

servative practice (in line with the criteria used in Study 1) of

using someelementof self-report togetherwith scores that fall

at least two SDs from the mean on two objective tests of face

recognition ability. In the current dataset, DeGutis et al. (2023)

determined self-awareness of face recognition difficulties by

using responses on a single question from the CFMQ that has

previously been used to determine subjective eligibility for DP

(Arizpe et al., 2019): “Compared to my peers, I think my face

recognition skills are …” (Far below average/Below average/

Average/Above average/Far above average). Thus, we repli-

cated this approach (accepting the two lowest response op-

tions as eligibility for DP), and used objective scores on the

CFMT3 and famous face tasks (norms for the CFMT3 were

calculated from the overall dataset, whereas the existing z-

scores for the famous face taskswere simplymaintained). The

application of these protocols resulted in a pool of 23 Major

DPs. We then followed DeGutis and colleagues' recommenda-

tion for identifying individuals with Minor DP by retaining the

subjective requirement, but reducing the diagnostic cut-off for

the two objective scores to 1e2 SDs from the mean. This

approach identified 55 individuals.

However, while the sample size of those meeting the

criteria for Minor DP falls within theminimum sample size for

taxometric analysis (a minimum sample of 300 is required, of

which at least 10% should represent the taxon: Meehl, 1995;

Walters&Ruscio, 2009), unfortunately thiswasnot the case for

those who met the full 2SD criteria for Major DP (N ¼ 23). We

therefore combined this sample with other individuals who

reported a subjective difficulty with face recognition on the

single question, and achieved a “major” (at least 2SD) score on

oneobjective indicator anda “minor” (at least 1SD) score on the

other (note these individuals were not also included in the

Minor DP group aswewished to firmly adhere to the criteria of

two “minor” diagnostic scores for the taxometric analyses).

This resulted in a final sample of 83 individuals (24 individuals

presented with their major impairment on the CFMT3, and 36

with themajor impairment on the Famous Faces Test), hereon

referred to as the “Major DP” taxon (for demographical infor-

mation see Table 2).

All remaining participants were allocated to the comple-

ment dataset. Thus, in addition to a large number of “typical”

perceivers, this sample included some individuals who met

http://testmybrain.org
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Table 2 e Demographical information and indicator validity for the Major and Minor DP groups, and the Test (T) and
Replication (R) complement cohorts that were randomly selected for comparison to each DP group.

Sample Inter-group difference Cohen's d Correlations (r)

N Mean age (SD) Sex (No. F) CFMT CFMQ FFT CFMT v CFMQ CFMT v FFT CFMQ v FFT

Major DPs 83 30.4 (10.9) 51 .19 �.31* .10

Complement (T) 500 30.5 (10.4) 288 2.50** 1.92** 2.56** .28** .38** .39**

Complement (R) 500 31.0 (10.7) 327 2.46** 2.23** 2.58** .29** .40** .39**

Minor DPs 55 34.5 (11.5) 31 .05 .04 �.11

Complement (T) 350 31.1 (10.8) 217 1.74** 1.94** 1.75** .27** .28** .49**

Complement (R) 350 31.9 (11.1) 214 1.83** 2.08** 1.81** .28** .32** .36**

**p < .001, *p < .05 (r or t).
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objective criteria for DP but did not self-report difficulties with

face recognition in everyday life, as well as those who self-

reported real-world difficulties but performed well on the

objective tasks. We made the decision to include these par-

ticipants in thecomplement sample toensure thatwewerenot

skewing our data in favour of a categorical outcome; indeed,

anyof these individuals couldarguably fall towards thebottom

end of a continuous distribution. For the same reason, we did

not perform any outlier analyses on our complement group

and opted to retain all cases for analysis. However, due to the

required sample size for taxometric analysis (a minimum

sample of 300 ofwhich at least 10% is the taxon), the size of the

Major andMinorDP taxaprohibitedus from including all of the

complement group in each analysis. We therefore opted for a

taxon base rate of 14%, allowing the size of the complement

group to be 500 for theMajorDP analyses, and 350 for theMinor

DP analyses. Given a core principle of the taxometricmethod is

replication using different samples (Meehl, 1992), we opted to

repeat the analysis of each taxon twice, comparing them to

different samples that were randomly extracted from the

overall complement group. Thus, we randomly selected two

groups of 500 members of the complement for “test” and

“replication” analyses of theMajorDP taxon, and two groupsof

350 for “test” and “replication” analyses of the Minor DP taxon

(for demographical information see Table 2).

Finally, it was necessary to ensure that the three diagnostic

indicators for the newly grouped data met the assumptions

for taxometric analysis. We therefore checked that all the

inter-group effect sizes and correlations between the three

diagnostic indicators (CFMQ, CFMT3, Famous Faces Test) were

acceptable.While all effect sizesmet the required criterion (all

ds > 1.25), an unacceptable level of correlationwas found in all

complement groups between the famous face task and the

other two measures (see Table 2). This restricted our taxo-

metric analysis to two indicators: the CFMT3 and the CFMQ.

Data that were used in each analysis are available at: https://

osf.io/jx9d7/.

3.3. Taxometric analyses

As stated above, a key recommendation in the taxometric

method is to carry out multiple analyses to assess the con-

sistency of findings (Meehl, 1992). Here, we further applied

this.

recommendation by not only analysing multiple comple-

ment groups, but also by implementing both the MAMBAC
andMAXSLOPE procedures for each of theMajor andMinor DP

cohorts. Again, the analyses were conducted using the same R

resources developed by Ruscio andWang (2017). No part of the

study procedures or analyses was pre-registered prior to the

research being conducted.

Major DPs: All analyses supported a categorical model, with

an examination of the comparison curves revealing that a

categorical structure was a much better fit of the data. Fig. 3

shows the averaged MAMBAC curve against comparison cat-

egorical and dimensional data, for both the Test (panel A) and

Replication (panel B) Complement groups. The graphs show

that the observed data is a closer fit to the categorical than the

dimensional comparison data. A similar finding was observed

for the MAXSLOPE analysis (see Fig. 3), and again in compari-

son to both Complement cohorts. In all analyses, the CCFIs

were greater than .80 (Test group: MAMBAC: .84, MAMSLOPE:

.83, average: .83; Replication group:MAMBAC: .82, MAMSLOPE:

.81, average: .81), with the overall average (.83) supporting a

categorical model.

Minor DPs: All analyses and comparison curves (see Fig. 4)

continued to support a categorical model. Again, the graphs

show that the observed data are a closer fit to the categorical

rather than the dimensional comparison data, and this was

replicated for both complement cohorts. The CCFIs were all

greater than .60 (Test group: MAMBAC: .86, MAMSLOPE: .79,

average: .83; Replication group: MAMBAC: .69, MAMSLOPE: .60,

average: .65), with the overall average (.74) again supporting a

categorical model.

3.4. Discussion

A series of taxometric analyses consistently provided evi-

dence for DP being a categorically distinct condition (a

taxon) in both “Major” and “Mild” cases, and this replicated

when the taxa were compared to different complement

samples. It should be noted that one potential limitation is

that the participants in this dataset were not screened for

visual difficulties or concurrent socio-emotional disorder,

allowing for the possibility that the taxon may extend

beyond DP itself. However, the findings build upon those

from Study 1 where these exclusion criteria were strictly

applied, replicating the taxonic outcome in an independent

dataset across multiple analyses. This finding differs to

previous conclusions that were drawn from the same

dataset, where cluster analyses failed to identify a distinct

“DP” cluster that separated from the typical population

https://osf.io/jx9d7/
https://osf.io/jx9d7/
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Fig. 3 e MAMBAC and MAXSLOPE curves for the proposed Major DP taxon against the (A) Test and (B) Replication

complement cohorts. The average curve from each taxometric procedure is portrayed by the thick black line, against curves that are

produced from simulated comparison datasets. The grey band represents the middle 50% of values from the comparison datasets,

framed by the two thin dark lines that mark the largest and smallest values of the comparison datasets. For both taxometric

procedures, the graphs show that the categorical comparison and observed data offer a closer fit than the dimensional data, which

falls outside of the boundaries of the comparison values.
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Fig. 4 e MAMBAC and MAXSLOPE curves for the proposed Minor DP taxon against the (A) Test and (B) Replication

complement cohorts. The average curve from each taxometric procedure is portrayed by the thick black line, against curves that are

produced from simulated comparison datasets. The grey band represents the middle 50% of values from the comparison datasets,

framed by the two thin dark lines that mark the largest and smallest values of the comparison datasets. For both taxometric

procedures, the graphs show that the categorical comparison and observed data offer a closer fit than the dimensional data, which

falls outside of the boundaries of the comparison values.
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(DeGutis et al., 2023). This discrepancy in findings can be

attributed to the two very different analytical techniques,

with much existing discussion supporting the use of the

taxometric method over cluster analyses for the purpose of
determining psychopathology (Cleland et al., 2000; Ruscio &

Ruscio, 2004). Alternatively, it is possible that exclusion of

the FFT in the taxometric analysis prompted the different

outcome.
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There were two key findings in this study that developed

those from Study 1. First, a measure of unfamiliar face

recognition was used in this study but not in Study 1. The

CFMT paradigm has been well-used to document individual

differences in face recognition ability in the typical population

(e.g., McCaffery et al., 2018; Verhallen et al., 2017), as well as

showing varied performance in individuals with DP (Bowles

et al., 2009; Burns et al., 2023; Murray & Bate, 2020). This

data has been used to generate hypotheses of a dimensional

distribution of face recognition ability. While the categorical

outcome was supported by the additional inclusion of the

subjective CFMQ measure, the findings reported here never-

theless lend support to the continued use of unfamiliar face

recognition tests in diagnostic practice. Further, the additional

support for DP emerging as a taxon is bolstered by the suc-

cessful application of a measure that was not expected to

provide such a strong categorical outcome.

Second, the taxonic outcome emerged even for “Minor”

DPs, who only differed from the complement class by 1-2SDs.

Traditionally, a strict 2SD cut-off has been recommended in

DP diagnosis (e.g., Barton & Corrow, 2016; Dalrymple &

Palermo, 2016), and this approach has resulted in prevalence

estimates of 2e2.5% of the population (Bowles et al., 2009;

Kennerknecht et al., 2006). Pertinently, when DeGutis et al.

(2023) examined the difference in prevalence rates when

diagnostic criteria are relaxed, an estimate of 3.08% emerged.

This figure comprised both major (.93%) and mild cases

(2.15%), as assessed via subjective self-report and objective

performance on at least two valid screening tests. However,

DeGutis et al. returned estimates as high 5.42%, dependent on

the number and type of screening tests used, and the statis-

tical method used to infer impairment.

While the CCFI indices were lower for the “Minor”

compared to the “Major” DPs, most likely resulting from the

better performance of the former group on the inputmeasures

of the analyses, the consistent categorical outcome never-

theless suggests that a 1SD cut-off on at least two tasks is a

sufficient and non-arbitrary means of diagnosing DP, at least

using the measures adopted within this study. Whether

alternative indicators would result in the same outcome re-

mains to be uncovered (see Gerlach et al., 2024), but there

would be several advantages of implementing this approach.

First, it would open the research field to much larger samples

of research participants with DP, supporting a sorely needed

big-data approach to key theoretical issues. Second, the

application of a non-arbitrary cut-off gives a stronger frame-

work for dealing with borderline cases and the influence of

chance and measurement error in diagnosis. Finally, the

relaxing of diagnostic protocols would have important impli-

cations for the many people who believe they experience

everyday face recognition difficulties but are able to circum-

vent these deficits both in daily life and during formal

assessment (Portch et al., 2023).
4. General discussion

In sum, the two studies reported here provide strong evidence

to suggest that DP can be regarded as a taxon that can be

categorically partitioned from the typical population. The
indicators used in our analyses derive this conclusion from

measures that reflect the core everyday symptoms that

perhapsmore convincingly set DPs apart from others (e.g., the

striking failure to recognise familiar others in everyday life:

e.g., McConachie, 1976; Murray et al., 2018), as opposed to

performance on unfamiliar face recognition taskswhere there

is considerable variation both within the typical and DP pop-

ulation (Bindemann et al.,. 2012; Burns et al., 2023; McCaffery

et al., 2018; Murray & Bate, 2020).

The finding that DP is a taxon has important implications

for theory as well as diagnostic practice, particularly when

combined with our observation that the taxon is maintained

when diagnostic criteria are relaxed to 1SD on at least two

objective tasks, plus some element of self-report. As discussed

above, there are a range of benefits of moving to this more

lenient approach to identifying DP, rather than maintaining

arbitrary cut-offs for diagnosis: these include relief to the in-

dividuals concerned, as well as a stronger diagnostic frame-

work that will aid decisions on borderline performance and

inclusion criteria for theoretical study. Indeed, a major

implication of this shift would be to make much larger sam-

ples of DPs available for research participation, allowing the

field to carry out more rigorous work. Further, it would allow

more valid calculations of prevalence, that are likely to shift

from current estimates (2e2.5%) to a larger figure of ~3.08%

(DeGutis et al., 2023).

In addition, the categorical outcome has further implica-

tions for research examiningDP. It supports the continued use

of a dichotomous rather than continuous approach to

research design (i.e., when comparing DP groups to the typical

population). Further, in terms of progressing diagnostic tech-

niques, the findings support the use of a relatively small

number of items that have discriminatory power close to the

categorical boundary. While we do not wish to discount views

that developmental conditions most likely result from

different combinations and gradations of multiple and

sometimes minor contributing factors (e.g., Susilo &

Duchaine, 2013), and that these can result in different phe-

notypes of a condition (Bennetts et al., 2022), we should

acknowledge that the categorical outcome supports

continued exploration of the potential genetic underpinnings

of DP. This does not necessarily mean that DP is explained by

autosomal dominant inheritance (c.f. Kennerknecht et al.,

2006), but may arise from an interaction effect between a ge-

netic predisposition and a specific environmental issue, or a

threshold effect involving a particular trigger (Ruscio et al.,

2011). Further research is therefore required into the poten-

tial genetic underpinnings of DP, and the developmental tra-

jectory of face recognition difficulties as they unfold during

maturation (see Epihova & Astle, 2024). These two applica-

tions of DP research have received very little attention to date,

and may be ripe grounds for theoretical progress.

In sum, this paper presents the first taxometric analysis of

DP, providing support that it is a categorical condition that

differs non-arbitrarily from fluctuations in face recognition

ability that are observed in the typical population. This finding

has important implications for the future study of DP: given a

categorical outcome also emerged for individuals with a

“minor” form of DP, we support recent suggestions for a

relaxation of current diagnostic protocols (Burns et al., 2023;
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DeGutis & Campbell, 2024; Epihova & Astle, 2024; Gerlach

et al., 2024). Finally, given this is one of the first attempts to

apply the taxometric approach to a cognitive process, we

suggest that other specific processes (e.g., reading ability and

dyslexia, see Cilibrasi & Tsimpli, 2020) are also investigated to

test existing conceptualisations of dimensionality.
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