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Abstract
Developmental prosopagnosia (DP) is a condition characterised by lifelong face recognition
difficulties. Recent neuroimaging findings suggest that DP may be associated with aberrant
structure and function in multimodal regions of cortex implicated in the processing of both
facial and vocal identity. These findings suggest that both facial and vocal recognition may
be impaired in DP. To test this possibility, we compared the performance of 22 DPs and a
group of typical controls, on closely matched tasks that assessed famous face and famous
voice recognition ability. As expected, the DPs showed severe impairment on the face
recognition task, relative to typical controls. In contrast, however, the DPs and controls
identified a similar number of voices. Despite evidence of interactions between facial and
vocal processing, these findings suggest some degree of dissociation between the two
processing pathways, whereby one can be impaired while the other develops typically. A
possible explanation for this dissociation in DP could be that the deficit originates in the early
perceptual encoding of face structure, rather than at later, post-perceptual stages of face
identity processing, which may be more likely to involve interactions with other modalities.
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Introduction
Developmental prosopagnosia (DP) is a neurodevelopmental condition characterized by
lifelong face recognition difficulties that are present despite normal intelligence and low-level
vision, and without brain damage1-3. Individuals with DP exhibit difficulties identifying familiar
faces4,5 as well as impaired discrimination and matching of unfamiliar faces 6,7. These
perceptual difficulties impair the identification of individuals irrespective of face ethnicity8.
Many individuals with DP show subtle impairments in the recognition of facial expressions 9
and facial sex10,11. Some DPs also show impaired matching of human bodies12 and non-face
objects13,14. Historically the condition was thought to be rare, however current estimates
suggest that ~2% of the general population experience lifelong face recognition problems
severe enough to disrupt their daily lives15-17.

Despite growing interest in DP, the cause of the condition remains unclear. It is wellestablished that DP runs in families, a finding that suggests the condition may have a
genetic origin18-22. This view accords with evidence that face recognition is a heritable
trait23,24. In the past, cognitive accounts have argued that DPs struggle to identify faces
because individuals fail to derive an integrated “holistic” representation of different facial
regions; instead, DPs may process faces using a piecemeal analysis 25,26. However, recent
findings that DPs exhibit behavioural markers of holistic face processing challenge this
view5,27.

Present study
The present study examined whether individuals with DP, who experience life-long face
recognition difficulties, also exhibit impaired voice recognition. Several cortical regions
implicated in the visual processing of facial identity also appear to be involved in the
processing of vocal identity. In particular, regions of the anterior temporal lobe (ATL) have
been implicated in the processing of identity from both faces28-31 and voices32-35. The ATL
has been described as a “multimodal hub” for the recognition of person identity36, and is
thought to mediate post-perceptual processing of face and voice identity37,38. Similarly, the
posterior portion of the superior temporal sulcus (pSTS) responds to both faces and
voices39,40, and forms modality-general person-identity representations that integrate
information from the face and voice41-43.

Some individuals with acquired prosopagnosia (AP) exhibit impaired voice recognition in
addition to their face recognition deficits44-47. In cases of AP, individuals develop typical face
recognition ability during childhood and adolescence, but subsequently experience face
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recognition problems following a brain injury 48,49. Where observed, co-occurring face and
voice recognition deficits are often associated with damage to multimodal regions, notably
the anterior temporal lobe (ATL)37,47. These findings lend support to the view that these
multimodal regions make a causal contribution to both face and voice recognition.

Several studies suggest structural or functional atypicality within putative multimodal regions
in DP50-52. Where observed, these differences are subtle, and there is currently little
consensus on what parts of the brain are affected and how. Nevertheless, there is evidence
of reduced activation to faces and reduced grey matter volume in regions of the ATL50,51, and
reduced selectivity for faces in the pSTS52. The implication of multimodal brain regions in DP
further suggests the possibility that voice recognition may also be affected.

Interactions between face and voice identity processing have also been demonstrated
behaviourally. It has been shown that learning a voice alongside a face improves
subsequent voice recognition in typical participants 53. There is also evidence from crossmodal priming studies showing that the processing of familiar voices is facilitated after
viewing the corresponding face, and vice versa54-56. These findings indicate that the
processing of facial identity informs the processing of vocal identity, and vice versa. Thus, it
is possible that impairment in one modality (e.g., the visual processing of faces) could affect
identity recognition in the other modality (e.g., recognition of vocal identity).

Existing research has largely focused on the ability of DPs to discriminate and memorise
unfamiliar voices. In one study of 12 DPs, all but one showed typical short-term memory for
unfamiliar voices57. Employing similar tasks, a subsequent study of 12 DPs found that 3
individuals showed signs of a voice processing deficit58. These findings suggest that the
majority of DPs show intact matching of unfamiliar voices, but that deficits may be present in
some cases. Less is known about the ability of DPs to recognize familiar voices. To date,
recognition of familiar voices has been examined in only one adult DP, who showed
impaired recognition of personally familiar voices, despite showing typical performance in an
unfamiliar voice recognition task59. Impaired recognition of personally familiar voices has
also been described in a 5-year old child with severe DP60.

In the present study we sought to determine whether adults with DP show impaired
recognition of celebrity voices. Famous face recognition tasks are thought to reveal the face
processing problems in DP more effectively than unfamiliar face matching tasks4. Typical
individuals are thought to have stored representations for thousands of familiar faces61.
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Recognising a particular famous face therefore poses the cognitive system with a formidable
needle-in-a-haystack problem: only one of these stored representations matches the test
stimulus. Solving this problem requires a precise representation of the to-be-identified face –
a level of representational precision that DPs may struggle to achieve 5,6. In contrast, an
impoverished perceptual description may often be adequate to infer the correct solution
when completing matching tasks with unfamiliar faces, where only one or two options need
to be considered / rejected.

Applying the same logic to voice recognition, it is possible that tests of famous voice
recognition may reveal voice recognition deficits in DP, that go undetected by unfamiliar
voice matching tasks. It is also possible that some DPs have a selective deficit that impairs
the recognition of familiar voices, but not the matching and discrimination of unfamiliar
voices. The ATL is thought to contribute to the recognition of familiar faces and voices by
encoding semantic knowledge, such as name and occupation 62-64. Importantly, we
accumulate semantic knowledge as individuals become more familiar. Little if any semantic
knowledge is available for unfamiliar individuals. If DP affects brain systems that encode
semantic knowledge, familiar voice identification could be impaired alongside famous face
identification, while the perceptual processing of unfamiliar voices remains unaffected.

Methods
Online testing and participant recruitment
The experiment described was conducted online using Gorilla65. Participants completed the
study on their personal computer or laptop. The use of online testing is increasingly
common. Carefully-designed online tests of cognitive and perceptual processing can yield
high-quality data, indistinguishable from that collected in the lab 66-68.

Twenty-two individuals with DP (8 males, Mage = 39.73 years, SDage = 13.65 years) and 44
typical controls (18 males, Mage = 36.57 years, SDage = 8.23 years) took part in the study.
The groups did not differ significantly in terms of age [t(28.854) = .998, p = .326, d = .280,
CI95% = -.258, .775] or the proportion of male participants [X2(1) = 0.127, p = .723]. Sample
size was determined a-priori based on similar group studies of DP8,9,11,12,27,69.

DP participants were recruited through www.troublewithfaces.org and reported face
recognition difficulties in the absence of brain damage or neurological illness. Diagnostic
decisions were based on participants’ scores on two versions of the Cambridge Face
Memory Test (CFMT), the CFMT-original7 and the CFMT-Australian70, and on the Twenty5

Item Prosopagnosia Index (PI20)71,72. DPs also completed the Cambridge Car Memory Test
(CCMT)73 to assess their within-class object recognition ability. All diagnostic tests were
completed online. Diagnostic information for each DP is provided in Table 1.

Control participants were recruited through Prolific (www.prolific.co), and were required to
have an approval rating of 95%. Three control participants were replaced having scored
more than 65 on the PI20. A score of 65 has been recommended as a cut-off for DP71,72. As
expected, the PI20 scores of the control group (M = 43.16, SD = 9.16) were significantly
lower compared with the DP group (M = 77.64, SD = 6.50) [t(64) = 15.752, p < .001, d =
4.065, CI95% = 3.231, 4.983].
All participants were required to be between 20 and 65 years-old, to have normal or
corrected-to-normal visual acuity and hearing, and to have had no clinical diagnosis of
autism spectrum disorder. To ensure that participants would be familiar with the famous
people whose faces and voices were presented in the tasks, participants were required to
have English as their first language, and to have been resident in the UK for a minimum of
10 years (all except three participants, one in the control group and two in the DP group, had
been resident in the UK their entire life). These inclusion criteria were identified at the outset.

Ethical clearance was granted by the Departmental Ethics Committee for Psychological
Sciences, Birkbeck, University of London. The experiment was conducted in line with the
ethical guidelines laid down in the 6th (2008) Declaration of Helsinki. All participants
provided informed consent and were paid a small honorarium. The experimental tasks are
available as Open Materials at gorilla.sc (https://gorilla.sc/openmaterials/115074). Data for
the experimental tasks are available via the Open Science Framework (https://osf.io/da2xu/).

Table-1

Face and voice recognition tasks
Thirty images of celebrity faces were presented in a face recognition task, and 30 audio clips
of celebrity voices were presented in a voice recognition task. Different celebrities were
presented in the face and voice tasks. A complete list is provided in the supplementary
materials (Table S1). These celebrities were chosen based on pilot studies showing that
their face or voice were frequently recognized by British participants aged between 20 and
65. Celebrities were British or American and included singers, actors, models, royalty,
politicians, athletes, and TV personalities. In each task, half of the celebrities were men and
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half were women. Within each task, stimulus order was randomised. The order of the face
and voice tasks was counterbalanced across participants.

The 30 images used in the famous face recognition task were sourced though internet
searches. Faces were front-facing and exhibited direct eye gaze and a neutral or smiling
facial expression. Faces were cropped to an oval to exclude external features. The images
were converted to grey-scale and equated for luminance using the SHINE toolbox74 in
Matlab (The MathWorks, Natick, MA). Each trial began with a fixation cross presented for
250 ms, followed by a face presented for 5 seconds.

The 30 audio clips used in the famous voice recognition task were extracted from videos on
www.youtube.com. The audio clips contained between 7-10 seconds of speech. The clips
were converted to mono with a sampling rate of 44100, low-pass filtered at 10 KHz, and
root-mean-square (RMS) normalised in intensity using Praat 75. The audio clips were
selected so that the speakers could not be identified based on the speech content.
Participants were asked to complete the task in a quiet environment where they could clearly
hear sounds from their device, and were encouraged to wear headphones. Before starting
the main task, participants were presented with an example audio clip which they could
replay to adjust the volume on their device to a comfortable level. In each trial, participants
were asked to click on a button to hear the audio clip. Each clip could be played up to three
times.

In both tasks, a response screen asked participants to identify the person by typing their full
name or other uniquely identifying information (e.g., a famous TV role or sporting
achievement). Participants were also asked if the face or voice was familiar (Yes / No). To
check that participants were paying attention, we also included a question about the gender
of each face or voice (Woman / Man). When completing the face task, all participants
completed the attention check correctly on at least 28 of the 30 trials (20 out of 22 DPs, and
38 out of 44 controls responded correctly on all trials). When completing the voice task, all
participants completed the attention check correctly on at least 29 of the 30 trials (19 out of
22 DPs, and 41 out of 44 controls responded correctly on all trials).

Name recognition and exposure frequency
After completing the famous face and voice tasks, participants were asked to indicate which
celebrities they knew by name. Participants were presented with the names of the sixty
celebrities whose face or voice was used in the study. Participants viewed the names one at
7

a time, and were asked to indicate whether they knew the person (Yes / No). They were also
asked to indicate how frequently they were exposed to that person’s face or voice using a
six-point scale ranging from ‘never’ to ‘very frequently’. Participants were asked to respond
‘never’ if they had indicated that they didn’t know the person by name.

Voice recognition questionnaire
To assess participants’ self-reported voice recognition ability, we constructed a voice
recognition questionnaire. The scale included 16 statements regarding voice recognition
ability (Table 2). For example: ‘It is difficult for me to tell two people apart by their voices
alone’. Participants indicated the degree to which they agreed or disagreed with each
statement using a five-point scale ranging from ‘strongly disagree’ to ‘strongly agree’. The
items were scored so that higher overall scores indicate poor perceived voice recognition
ability, and lower scores indicate good perceived ability. Scores could range from 16 to 80.

Table-2

Statistical procedures
Simple within-subjects contrasts were conducted using Student’s paired-samples t-tests.
Where we could assume equal sample variance, simple between-subjects contrasts were
conducted using Student’s between-samples t-tests. Where we could not assume equal
sample variance, we employed Welch’s t-test. Comparisons of data with non-normal
distributions were performed using Mann-Whitney tests. Correlations were evaluated by
calculating Spearman Correlation coefficients. In all cases, the associated p-values
described are two-tailed.
Where possible, we report Cohen’s d as a measure of effect size, calculated using ESCI76.
However, where we could not assume equal variance between groups, we report a modified
version of Cohen’s d whereby the difference in means is expressed relative to the square
root of the average variance of the two groups77. Confidence intervals for both versions of d
were calculated based on noncentral t distributions76.

Results
Identification accuracy
Participants’ performance on the famous voice and face recognition tasks was quantified as
the proportion of voices or faces that were correctly identified, having discarded trials
featuring people that were not known to the participant by name. Analyses including these
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trials produced very similar results, and are presented in the supplementary materials. One
trial in the face task was discarded from one DP participant because they reported that the
image failed to appear on the screen.

Mean voice recognition performance was highly similar in DPs (M = 59.46%, SD = 15.61)
and controls (M = 60.74%, SD = 19.52) [t(64) = .267, p = .791, d = .069, CI95% = -.443, .581],
suggesting that DPs show comparable famous voice recognition ability to typical controls
(Figure 1a and 1b). As expected, however, face recognition performance was significantly
lower in DPs (M = 51.02%, SD = 21.77) compared with controls (M = 82.42%, SD = 13.55)
[t(29.387) = 6.190, p < .001, d = 1.732, CI95% = .951, 2.264].
Figure-1

ANOVA with Modality (faces, voices) as a within-subjects factor and Group (DPs, controls)
as a between-subjects factor revealed a significant Modality × Group interaction [F(1,64) =
42.812, p < .001, ηp2 = .401]. While controls recognised more faces than voices [t(43) =
8.584, p < .001, d = 1.267, CI95% =.885, 1.686], DPs showed a non-significant trend to
recognise more voices than faces [t(21) = 2.051, p = .053, d = .429, CI95% = -.006, .887].
Sixteen of the 22 DPs (72.73%) recognised more voices than faces, compared with just 3 of
44 controls (6.82%). There were also significant main effects of Modality [F(1,64) = 8.272, p
= .005, ηp2 = .114] and Group [F(1,64) = 17.032, p < .001, ηp2 = .210], reflecting better overall
performance in the face task, and better overall performance of controls, respectively.

Analysis of the individual differences seen in the control sample revealed a significant
correlation between participants’ face and voice recognition ability [rs = .594, p < .001].
Despite the fact that their face recognition was worse overall, a similar association was seen
in the DP sample [rs = .537, p = .010]. However, it appears that this relationship reflects
knowledge of popular culture (i.e., awareness of film, TV, sport, and current affairs). Typical
participants who recognised more of the celebrities used in the voice task by name, tended
to identify more of the famous faces [rs = .455, p = .002]. This was also true of the DP
sample [rs = .559, p = .007]. Similarly, typical participants who recognised more of the
celebrities used in the face task by name, tended to identify more of the famous voices [rs =
.570, p < .001], although this relationship was not significant for the DPs [rs = .251, p = .259].
All correlations between identification performance, number of names reported as known,
and perceived frequency of exposure for faces and voices, for the combined sample and for
each group separately, are reported in the supplementary materials (Table S2).
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Perceived familiarity
Familiarity was expressed as the proportion of faces or voices that were classified as familiar
(as opposed to unfamiliar), out of all trials featuring people that were subsequently
recognised by name. Voice familiarity scores were highly similar for DPs (M = 77.14%, SD =
11.70) and controls (M = 77.70%, SD = 17.58) [t(58.668) = .153, p = .879, d = .037, CI95% = .472, .552] (Figure 1c and 1d). In the famous face task, familiarity scores were significantly
lower in DPs (M = 68.33%, SD = 20.66) compared with controls (M = 92.51%, SD = 9.49)
[t(25.527) = 5.219, p < .001, d = 1.503, CI95% = .721, 1.987]. ANOVA with Modality (faces,
voices) as a within-subjects factor and Group (DPs, controls) as a between-subjects factor
revealed a significant Modality × Group interaction [F(1,64) = 34.121, p < .001, ηp2 = .348].
While controls found the faces more familiar than the voices [t(43) = 6.569, p < .001, d =
1.030, CI95% = .661, 1.427], the DPs were more familiar with voices than faces [t(21) = 2.502,
p = .021, d = .506, CI95% = .097, .960]. There was no main effect of Modality [F(1,64) =
2.202, p = .143, ηp2 = .033], and there was a significant main effect of Group [F(1,64) =
13.465, p < .001, ηp2 = .174].

Audio stimulus presentations
In the famous voice task, each clip could be played up to three times. To examine whether
the results of the voice task were influenced by differential prioritisation of speed and
accuracy, we examined how many times the two groups played the audio clips. Having
averaged the number of presentations for each participant, we found that the median of the
resulting distributions for the DPs (1.20) and controls (1.25) did not differ significantly [U =
438.5, z = -.62, p = .540]. The fact that the two groups played the audio clips a comparable
number of times suggests a similar prioritisation of speed and accuracy by the DPs and
controls.

Name recognition and exposure frequency
When shown their names, both the DPs and the typical controls reported high levels of
familiarity with the celebrities whose face or voice was used in the study. For the celebrities
used in the face task, name recognition was similar for the DPs (M = 95.45%, SD = 6.71)
and typical controls (M = 96.59%, SD = 6.41) [t(64) = .669, p = .506, d = .173, CI95% = -.339,
.687]. For the celebrities used in the voice task, name recognition was slightly lower for DPs
(M = 92.43%, SD = 7.57) than for controls (M = 96.52%, SD = 5.75) [t(64) = 2.446, p = .017,
d = .631, CI95% = .113, 1.160]. This difference could be due to DPs and typical controls
applying different criteria when asked whether they “know” a particular celebrity. For
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example, DPs may be less likely to say they “know” a celebrity if they have previously failed
to recognise them, or are unsure of their ability to recognise them in the future.

Ratings of exposure frequency were averaged across all voices used in the voice task, and
all faces used in the face task, separately for each participant. Scores could range from 1
(‘never’) to 6 (‘very frequently’). Perceived frequency of exposure to faces was similar for
DPs (M = 3.69, SD = .82) and controls (M = 3.48, SD = .71) [t(64) = 1.096, p = .277, d =
.283, CI95% = .229, .799] (Figure 2). Despite DPs knowing fewer of the voice-task celebrities
by name than controls, exposure to the voices was as frequent for DPs (M = 3.82, SD = .62)
as it was for controls (M = 3.66, SD = .64) [t(64) =.980, p = .331, d = .253, CI95% = -.259,
.769]. For DPs, the frequency of exposure to the faces and to the voices did not differ
significantly [t(21) = 1.345, p = .193, d = .168, CI95% = -.087, .432]. Controls reported a
slightly higher frequency of exposure to the voices than to the faces [t(43) = 3.376, p = .002,
d = .263, CI95% = .101, .432].
Figure-2

Voice recognition questionnaire
Scores on the voice recognition questionnaire were higher for DPs (M = 42.05, SD = 11.42)
than for controls (M = 36.09, SD = 7.76) [t(31.002) = 2.204, p = .035, d = .610, CI95% = .040,
1.102] (Figure 3). This contrasts with the finding of similar voice recognition performance in
the task across the two groups, and suggests that DPs may have less confidence in their
voice recognition ability. In the combined sample (N = 66) there was a small and nonsignificant correlation between questionnaire scores and voice identification performance [rs
= -.167, p = .180]. This was also the case in the DP [rs = -.117, p = .604] and control [rs = .181, p = .240] groups separately.

Figure-3

Discussion
In the present study we investigated the ability of individuals with DP to recognise famous
faces and voices. As expected, DPs showed severely impaired recognition of famous faces
relative to controls. In contrast, however, the performance of the DPs on the famous voice
recognition task was very similar to that of typical controls. DPs not only identified a similar
number of voices, they also judged a similar number of voices as familiar, when compared
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with controls. These findings cannot be explained by differences in familiarity and exposure
to the celebrities’ faces and voices across groups.
Previous group studies of voice recognition in DP have used unfamiliar voices57,58. The
results of these studies suggest that in most cases individuals with DP show typical
discrimination and short-term memory for unfamiliar voices. Our results extend this literature
by showing that DPs also perform typically when asked to identify well-known familiar
voices. Importantly, our findings exclude the possibility of a selective vocal recognition deficit
arising from the processing of person-related semantic information. Taken together, studies
of familiar and unfamiliar voice identification suggest that DPs exhibit typical voice
processing, and that their difficulties with person recognition are confined to the visual
modality.

Evidence that face processing can be impaired independently from voice processing has
implications for theoretical frameworks of person recognition, which propose that faces and
voices are processed in hierarchical parallel pathways that interact with each other, and
eventually converge for the post-perceptual processing of person identity38,54-56,78-80. The
presence of a selective face deficit in DP suggests that despite evidence of interactions
between face and voice identity processing54-56, there is some degree of dissociation
between the two processing pathways, whereby one modality can be impaired while the
other develops in a typical manner.

These findings also inform theoretical accounts of the origin and cause of DP. One
possibility is that the condition arises from aberrant structure and function of multimodal
regions such as the ATL. As a result, individuals with DP may struggle to retrieve personrelated semantic information and benefit less from top-down contributions to face perception.
However, a post-perceptual deficit affecting multi-modal regions would be expected to
impede person recognition from both facial and vocal cues. The fact that DPs show typical
voice recognition therefore argues against this account. Instead, these findings are more
consistent with the view that DP is associated with an impairment early in the face
processing stream that hinders the visual encoding of face structure6,9,11,69.

The absence of voice recognition deficits in DP suggests that previously observed
abnormalities in the function and/or structure of multimodal brain regions in DP, in particular
the ATL50,51 and the pSTS52, do not affect familiar voice processing. Although these regions
are known to process identity from both faces and voices, it is likely that they are comprised
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of sub-regions that respond preferentially to faces, voices, or to both modalities36,81. Further
neuroimaging work is needed to ascertain i) whether DP selectively affects sub-regions
dedicated to face processing, and ii) whether aberrant structure and function of multimodal
regions (pSTS and ATL) is a common feature of DP.

Our results support the claim that face and voice recognition ability are distinct from each
other, rather than facets of a broader person recognition ability82. At first, this view seems
hard to reconcile with the results of a recent study that found that individuals with
exceptionally good face recognition ability – so called super-recognisers83 – performed better
than a group of typical controls on a famous voice identification task84. However, a close
reading reveals that the super-recognisers in this study reported being more familiar with the
celebrities whose voices were presented in the task than controls. The apparent association
between face and voice recognition ability may also reflect the contribution of general factors
such as motivation, attention, and familiarity with cognitive testing.

It has been demonstrated previously that people are much better at identifying celebrities
based on their face than based on their voice85-87. This was evident in the better
performance of our control sample on the famous face task, compared with the voice task.
The DPs did not show this pattern; indeed, they showed signs of a voice recognition
advantage. For example, they were more likely to find famous voices familiar, than famous
faces. This is consistent with reports that DPs explicitly use the voice to identify familiar
people when face identification fails 1. However, while DPs may rely more on the voice for
identification purposes, our results suggest that this doesn’t make them better at voice
recognition compared to controls. In other words, the voice recognition pathway does not
seem to compensate for a weak face recognition pathway in DP, potentially consistent with
claims that the voice recognition pathway is inherently weaker88,89.

Despite performing as well as controls on the famous voice task, the DPs reported having
worse voice recognition ability than controls on our self-report voice recognition
questionnaire. Lifelong face recognition problems may cause individuals with DP to be
circumspect about their relative ability in other domains. In some cases, confidence in nonface abilities may be further undermined by knowledge that DP can co-occur with non-face
deficits including topographic agnosia90 and object agnosia13,14,91. In contrast, typical controls
may have little or no reason to doubt their relative voice recognition ability. Where individuals
take neurotypicality for granted – i.e., they underestimate neurodiversity in the population –
they may over-estimate their relative ability in various domains.
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Identification performance in the famous voice task was not correlated with performance on
the voice recognition questionnaire. Similarly, a study employing a large sample of 730
participants, also found a very low correlation (r = .14) between performance on a famous
voice recognition task and self-reported voice recognition ability92. It is possible that
members of the general population have poor insight into their relative voice recognition
ability. Indeed, the same study found that out of the 20 participants with the lowest scores on
a famous voice test, only two reported below average voice recognition ability.

To summarise, the present study showed that individuals with DP exhibit intact familiar voice
recognition ability, despite showing severely impaired recognition of famous faces. A
possible explanation for this dissociation in DP could be that the deficit originates in the early
perceptual encoding of face structure6,9,11,69, rather than at later, post-perceptual stages of
face identity processing, which may be more likely to involve interactions with other
modalities.
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References
1

Cook, R. & Biotti, F. Developmental prosopagnosia. Curr. Biol. 26, R312–R313
(2016).

2

Duchaine, B. & Nakayama, K. Developmental prosopagnosia: a window to contentspecific face processing. Curr. Opin. Neurobiol. 16, 166–173 (2006).

3

Behrmann, M. & Avidan, G. Congenital prosopagnosia: Face-blind from birth. Trends
Cogn. Sci. 9, 180–187 (2005).

4

Bate, S. et al. Objective patterns of face recognition deficits in 165 adults with selfreported developmental prosopagnosia. Brain Sci. 9, 133 (2019).

5

Tsantani, M., Gray, K. L. H. & Cook, R. Holistic processing of facial identity in
developmental prosopagnosia. Cortex 130, 318-326 (2020).

6

Biotti, F., Gray, K. L. H. & Cook, R. Is developmental prosopagnosia best
characterised as an apperceptive or mnemonic condition? Neuropsychologia 124,
285–298 (2019).

7

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 44, 576–585 (2006).

8

Cenac, Z., Biotti, F., Gray, K. L. H. & Cook, R. Does developmental prosopagnosia
impair identification of other-ethnicity faces? Cortex 119, 12–19 (2019).

9

Biotti, F. & Cook, R. Impaired perception of facial emotion in developmental
prosopagnosia. Cortex 81, 126–136 (2016).

10

Esins, J., Schultz, J., Stemper, C., Kennerknecht, I. & Bülthoff, I. Face perception
and test reliabilities in congenital prosopagnosia in seven tests. i-Perception 7,
2041669515625797 (2016).

11

Marsh, J. E., Biotti, F., Cook, R. & Gray, K. L. H. The discrimination of facial sex in
developmental prosopagnosia. Sci. Rep. 9, 19079 (2019).

12

Biotti, F., Gray, K. L. H. & Cook, R. Impaired body perception in developmental
prosopagnosia. Cortex 93, 41–49 (2017).

15

13

Geskin, J. & Behrmann, M. Congenital prosopagnosia without object agnosia? A
literature review. Cogn. Neuropsychol. 35, 4–54 (2018).

14

Gray, K. L. H., Biotti, F. & Cook, R. Evaluating object recognition ability in
developmental prosopagnosia using the Cambridge Car Memory Test. Cogn.
Neuropsychol. 36, 89-96 (2019).

15

Bowles, D. C. et al. Diagnosing prosopagnosia: Effects of ageing, sex, and
participant-stimulus ethnic match on the cambridge face memory test and cambridge
face perception test. Cogn. Neuropsychol. 26, 423-455 (2009).

16

Kennerknecht, I. et al. First report of prevalence of non-syndromic hereditary
prosopagnosia (HPA). Am. J. Med. Genet. A 140, 1617–1622 (2006).

17

Kennerknecht, I., Ho, N. Y. & Wong, V. C. Prevalence of hereditary prosopagnosia
(HPA) in Hong Kong Chinese population. Am. J. Med. Genet. A 146, 2863–2870
(2008).

18

Duchaine, B., Germine, L. & Nakayama, K. Family resemblance: Ten family
members with prosopagnosia and within-class object agnosia. Cogn. Neuropsychol.
24, 419–430 (2007).

19

Grueter, M. et al. Hereditary prosopagnosia: The first case series. Cortex 43, 734–
749 (2007).

20

Johnen, A. et al. A family at risk: Congenital prosopagnosia, poor face recognition
and visuoperceptual deficits within one family. Neuropsychologia 58, 52–63 (2014).

21

Lee, Y., Duchaine, B., Wilson, H. R. & Nakayama, K. Three cases of developmental
prosopagnosia from one family: Detailed neuropsychological and psychophysical
investigation of face processing. Cortex 46, 949–964 (2010).

22

Schmalzl, L., Palermo, R. & Coltheart, M. Cognitive heterogeneity in genetically
based prosopagnosia : A family study. J. Neuropsychol. 2, 99–117 (2008).

23

Shakeshaft, N. G. & Plomin, R. Genetic specificity of face recognition. Proc. Natl.
Acad. Sci. U. S. A. 112, 12887–12892 (2015).

24

Wilmer, J. B. et al. Human face recognition ability is specific and highly heritable.
Proc. Natl. Acad. Sci. U. S. A. 107, 5238–5241 (2010).
16

25

Degutis, J., Cohan, S. & Nakayama, K. Holistic face training enhances face
processing in developmental prosopagnosia. Brain 137, 1781–1798 (2014).

26

Palermo, R. et al. Impaired holistic coding of facial expression and facial identity in
congenital prosopagnosia. Neuropsychologia 49, 1226–1235 (2011).

27

Biotti, F. et al. Normal composite face effects in developmental prosopagnosia.
Cortex 95, 63–76 (2017).

28

Anzellotti, S. & Caramazza, A. From parts to identity: invariance and sensitivity of
face representations to different face halves. Cereb. Cortex 26, 1900–1909 (2016).

29

Anzellotti, S., Fairhall, S. L. & Caramazza, A. Decoding representations of face
identity that are tolerant to rotation. Cereb. Cortex 24, 1988–1995 (2014).

30

Guntupalli, J. S., Wheeler, K. G. & Gobbini, M. I. Disentangling the representation of
identity from head view along the human face processing pathway. Cereb. Cortex 27,
46–53 (2017).

31

Yang, H., Susilo, T. & Duchaine, B. The anterior temporal face area contains
invariant representations of face identity that can persist despite the loss of right FFA
and OFA. Cereb. Cortex 26, 1096–1107 (2016).

32

Abel, T. J. et al. Direct physiologic evidence of a heteromodal convergence region for
proper naming in human left anterior temporal lobe. J. Neurosci. 35, 1513–1520
(2015).

33

Andics, A. et al. Neural mechanisms for voice recognition. Neuroimage 52, 1528–
1540 (2010).

34

Belin, P. & Zatorre, R. J. Adaptation to speaker’s voice in right anterior temporal lobe.
Neuroreport 14, 2105–2109 (2003).

35

Schall, S., Kiebel, S. J., Maess, B. & von Kriegstein, K. Voice identity recognition:
functional division of the right STS and its behavioral relevance. J. Cogn. Neurosci.
72, 280–291 (2015).

36

Blank, H., Wieland, N. & von Kriegstein, K. Person recognition and the brain: Merging
evidence from patients and healthy individuals. Neurosci. Biobehav. Rev. 47, 717–
734 (2014).
17

37

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. 23, 99–110 (2013).

38

Young, A. W., Frühholz, S. & Schweinberger, S. R. Face and voice perception:
understanding commonalities and differences. Trends Cogn. Sci. 24, 398–410
(2020).

39

Deen, B., Koldewyn, K., Kanwisher, N. G. & Saxe, R. Functional organization of
social perception and cognition in the superior temporal sulcus. Cereb. Cortex 25,
4596–4609 (2015).

40

Watson, R., Latinus, M., Charest, I., Crabbe, F. & Belin, P. People-selectivity,
audiovisual integration and heteromodality in the superior temporal sulcus. Cortex
50, 125–136 (2014).

41

Anzellotti, S. & Caramazza, A. Multimodal representations of person identity
individuated with fMRI. Cortex 89, 85–97 (2017).

42

Hasan, B. A. S., Valdes-Sosa, M., Gross, J. & Belin, P. Hearing faces and seeing
voices: Amodal coding of person identity in the human brain. Sci. Rep. 6, 37494
(2016).

43

Tsantani, M., Kriegeskorte, N., McGettigan, C. & Garrido, L. Faces and voices in the
brain: A modality-general person-identity representation in superior temporal sulcus.
Neuroimage 201, 116004 (2019).

44

Gainotti, G., Barbier, A. & Marra, C. Slowly progressive defect in recognition of
familiar people in a patient with right anterior temporal atrophy. Brain 126, 792–803
(2003).

45

Hailstone, J. C., Crutch, S. J., Vestergaard, M. D., Patterson, R. D. & Warren, J. D.
Progressive associative phonagnosia: A neuropsychological analysis.
Neuropsychologia 48, 1104–1114 (2010).

46

Hanley, J. R., Young, A. W. & Pearson, N. A. Defective recognition of familiar people.
Cogn. Neuropsychol. 6, 179–210 (1989).

47

Liu, R. R., Pancaroglu, R., Hills, C. S., Duchaine, B. & Barton, J. J. S. Voice
recognition in face-blind patients. Cereb. Cortex 26, 1473–1487 (2014).
18

48

Bodamer, J. Die prosop-agnosie. Arch. Psychiatr. Nervenkr 179, 6–53 (1947).

49

De Renzi, E., Faglioni, P., Grossi, D. & Nichelli, P. Apperceptive and associative
forms of prosopagnosia. Cortex 27, 213–221 (1991).

50

Avidan, G. et al. Selective dissociation between core and extended regions of the
face processing network in congenital prosopagnosia. Cereb. Cortex 24, 1565–1578
(2014).

51

Garrido, L. et al. Voxel-based morphometry reveals reduced grey matter volume in
the temporal cortex of developmental prosopagnosics. Brain 132, 3443–3455 (2009).

52

Jiahui, G., Yang, H. & Duchaine, B. Developmental prosopagnosics have widespread
selectivity reductions across category-selective visual cortex. Proc. Natl. Acad. Sci.
U. S. A. 115, E6418–E6427 (2018).

53

von Kriegstein, K. et al. Simulation of talking faces in the human brain improves
auditory speech recognition. Proc. Natl. Acad. Sci. U. S. A. 105, 6747–6752 (2008).

54

Ellis, H. D., Jones, D. M. & Mosdell, N. Intra- and inter-modal repetition priming of
familiar faces and voices. Br. J. Psychol. 88, 143–156 (1997).

55

Schweinberger, S. R., Herholz, A. & Stief, V. Auditory long-term memory: Repetition
priming of voice recognition. Q. J. Exp. Psychol. 50, 498–517 (1997).

56

Stevenage, S. V., Hugill, A. R. & Lewis, H. G. Integrating voice recognition into
models of person perception. J. Cogn. Psychol. 24, 409–419 (2012).

57

Liu, R. R., Corrow, S. L., Pancaroglu, R., Duchaine, B. & Barton, J. J. S. The
processing of voice identity in developmental prosopagnosia. Cortex 71, 390–397
(2015).

58

Corrow, S. L. et al. Perception of musical pitch in developmental prosopagnosia.
Neuropsychologia 124, 87–97 (2019).

59

von Kriegstein, K., Kleinschmidt, A. & Giraud, A. L. Voice recognition and crossmodal responses to familiar speakers’ voices in prosopagnosia. Cereb. Cortex 16,
1314–1322 (2006).

60

Jones, R. D. & Tranel, D. Severe developmental prosopagnosia in a child with
superior intellect. J. Clin. Exp. Neuropsychol. 23, 265–273 (2001).
19

61

Jenkins, R., Dowsett, A. J. & Burton, A. M. How many faces do people know? Proc.
R. Soc. B Biol. Sci. 285, 20181319 (2018).

62

Borghesani, V. et al. “Looks familiar, but I do not know who she is”: The role of the
anterior right temporal lobe in famous face recognition. Cortex 115, 72–85 (2019).

63

Rice, G. E., Caswell, H., Moore, P., Hoffman, P. & Lambon Ralph, M. A. The roles of
left versus right anterior temporal lobes in semantic memory: A neuropsychological
comparison of postsurgical temporal lobe epilepsy patients. Cereb. Cortex 28, 1487–
1501 (2018).

64

Wang, Y. et al. Dynamic neural architecture for social knowledge retrieval. Proc. Natl.
Acad. Sci. U. S. A. 114, E3305–E3314 (2017).

65

Anwyl-Irvine, A. L., Massonnié, J., Flitton, A., Kirkham, N. & Evershed, J. K. Gorilla in
our midst: An online behavioral experiment builder. Behav. Res. Methods 52, 388–
407 (2020).

66

Crump, M. J. C., McDonnell, J. V. & Gureckis, T. M. Evaluating Amazon’s
Mechanical Turk as a tool for experimental behavioral research. PLoS One 8 (2013).

67

Germine, L. et al. Is the Web as good as the lab? Comparable performance from
Web and lab in cognitive/perceptual experiments. Psychon. Bull. Rev. 19, 847–857
(2012).

68

Woods, A. T., Velasco, C., Levitan, C. A., Wan, X. & Spence, C. Conducting
perception research over the internet: A tutorial review. PeerJ, e1058 (2015).

69

Shah, P., Gaule, A., Gaigg, S. B., Bird, G. & Cook, R. Probing short-term face
memory in developmental prosopagnosia. Cortex 64, 115–122 (2015).

70

McKone, E. et al. Face ethnicity and measurement reliability affect face recognition
performance in developmental prosopagnosia: Evidence from the Cambridge face
memory test-Australian. Cogn. Neuropsychol. 28, 109–146 (2011).

71

Gray, K. L. H., Bird, G., Cook, R. & Cook, R. Robust associations between the 20item prosopagnosia index and the Cambridge Face Memory Test in the general
population. R. Soc. Open Sci. 4, 160923 (2017).

20

72

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

73

Dennett, H. W. et al. The Cambridge Car Memory Test: A task matched in format to
the Cambridge Face Memory Test, with norms, reliability, sex differences,
dissociations from face memory, and expertise effects. Behav. Res. Methods 44,
587–605 (2012).

74

Willenbockel, V. et al. Controlling low-level image properties: The SHINE toolbox.
Behav. Res. Methods 42, 671–684 (2010).

75

Boersma, P. & Weenink, D. Praat: Doing Phonetics by Computer. (2020).

76

Cumming, G. Exploratory software for confidence intervals. (2016).

77

Bonett, D. G. Confidence intervals for standardized linear contrasts of means.
Psychol. Methods 13, 99–109 (2008).

78

Belin, P., Fecteau, S. & Bedard, C. Thinking the voice: Neural correlates of voice
perception. Trends Cogn. Sci. 8, 129–135 (2004).

79

Campanella, S. & Belin, P. Integrating face and voice in person perception. Trends
Cogn. Sci. 11, 535–543 (2007).

80

Yovel, G. & Belin, P. A unified coding strategy for processing faces and voices.
Trends Cogn. Sci. 17, 263–271 (2013).

81

Beauchamp, M. S., Argall, B. D., Bodurka, J., Duyn, J. H. & Martin, A. Unraveling
multisensory integration: patchy organization within human STS multisensory cortex.
Nat. Neurosci. 7, 1190–1192 (2004).

82

Biederman, I. et al. The cognitive neuroscience of person identification.
Neuropsychologia 116, 205–214 (2018).

83

Russell, R., Duchaine, B. & Nakayama, K. Super-recognizers: People with
extraordinary face recognition ability. Psychon. Bull. Rev. 16, 252–257 (2009).

84

Jenkins, R. et al. Are super-face-recognisers also super-voice-recognisers? Evidence
from cross-modal identification tasks. Preprint at http://psyarxiv.com/7xdp3. (2020).
21

85

Damjanovic, L. & Hanley, J. R. Recalling episodic and semantic information about
famous faces and voices. Mem. Cogn. 35, 1205–1210 (2007).

86

Hanley, J. R. & Damjanovic, L. It is more difficult to retrieve a familiar person’s name
and occupation from their voice than from their blurred face. Memory 17, 830–839
(2009).

87

Hanley, J. R. & Turner, J. M. Why are familiar-only experiences more frequent for
voices than for faces? Q. J. Exp. Psychol. 53, 1105–1116 (2000).

88

Brédart, S. & Barsics, C. Recalling Semantic and Episodic Information From Faces
and Voices: A Face Advantage. Curr. Dir. Psychol. Sci 21, 378–381 (2012).

89

Stevenage, S. V. & Neil, G. Hearing faces and seeing voices: the integration and
interaction of face and voice processing. Psychol. Belg. 54, 266–281 (2014).

90

Klargaard, S. K., Starrfelt, R., Petersen, A. & Gerlach, C. Topographic processing in
developmental prosopagnosia: Preserved perception but impaired memory of
scenes. Cogn. Neuropsychol. 33, 405–413 (2016).

91

Gray, K. L. H. & Cook, R. Should developmental prosopagnosia, developmental body
agnosia, and developmental object agnosia be considered independent
neurodevelopmental conditions? Cogn. Neuropsychol. 35, 59-62 (2018).

92

Shilowich, B. E. & Biederman, I. An estimate of the prevalence of developmental
phonagnosia. Brain Lang. 159, 84–91 (2016).

22

Acknowledgements
RC is supported by a Starting Grant awarded by the European Research Council (ERC2016-StG-715824).

Author contributions
M.T. and R.C. designed all experiments. M.T. collected and analysed the data. M.T. and
R.C. wrote the manuscript.

Competing interests
The authors declare no competing interests.

Data availability
Data for the experimental tasks are available via the Open Science Framework
(https://osf.io/da2xu/).

23

Figures

Figure 1. Performance in the famous face and voice recognition tasks. (a) Mean proportion
of faces and voices that were correctly identified by the DP and control groups. (b)
Identification accuracies for individual subjects. (c) Mean proportion of faces and voices that
were classified as familiar by each group. (d) Familiarity scores for individual subjects. Error
bars show standard errors.
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Figure 2. Ratings of perceived exposure frequency for the celebrities presented in the face
and voice recognition tasks. (a) Mean ratings for faces and voices in the DP and control
groups. (b) Individual subject ratings. Error bars show standard errors.
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Figure 3. Scores on the voice recognition questionnaire. (a) Mean scores for the DP and
control groups. (b) Individual subject scores. Higher scores indicate poorer perceived voice
recognition ability.
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Table 1
Table 1: Diagnostic information for the DP participants. * ≤ 1SD from typical mean; ** ≤ 2SDs
from typical mean; *** ≤ 3SDs from typical mean.
Age

Gender PI20

CFMT

CFMT-A

CCMT

1

25

F

75***

50.0***

58.3**

76.4

2

26

M

76***

38.9***

58.3**

51.4*

3

55

F

82***

52.8***

56.9**

65.3

4

25

F

78***

54.2***

50.0***

72.2

5

49

M

76***

51.4***

63.9*

79.2

6

56

M

90***

54.3***

52.8**

86.1

7

64

M

68***

61.1**

59.7**

59.7*

8

24

F

89***

43.1***

37.5***

75.0

9

39

F

80***

51.4***

40.3***

66.7

10

30

F

69***

58.3***

61.1*

56.9*

11

27

F

79***

59.7**

63.9*

47.2**

12

49

M

85***

51.4***

44.4***

77.8

13

30

M

70***

54.2***

58.3**

59.7*

14

59

F

75***

61.1**

56.9**

59.7*

15

58

F

78***

34.7***

54.2**

55.6*

16

33

F

71***

51.4***

63.9*

79.2

17

46

F

79***

62.5**

50.0***

61.1*

18

21

F

76***

58.3***

54.2**

75.0

19

53

M

86***

40.3***

58.3**

75.0

20

35

F

72***

56.9***

56.9**

70.8

21

40

M

69***

48.6***

58.3**

86.1

22

30

F

85***

65.3**

54.2**

75.0

DP mean: 77.6

52.7

55.1

68.7

DP SD: 6.5

8.0

7.1

11.0

85.0

80.2

73.5

8.9

10.2

12.6

Comparison mean: 38.0
Comparison SD:

9.1

Nb. Comparison data (N = 54) for the PI20, and CFMT were taken from Biotti et al 6.
Comparison data (N = 75) for the CFMT-A were taken from McKone et al11. Comparison
data (N = 61) for the CCMT were taken from Gray et al14.
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Table 2
Table 2: The statements comprising the voice questionnaire.
1. I would quickly recognize friends and family if I heard them speaking on the radio
2. My friends and family think that I am bad at recognizing other people’s voices
3. It is easy to recognize celebrity voiceovers on television adverts
4. Failure to recognize a familiar voice has caused me embarrassment
5. If a friend called me from an unknown telephone number, I would quickly identify them
from their voice alone
6. It is difficult for me to tell two people apart by their voices alone
7. I have excellent memory for the voices of other people
8. Other people often recognize voices that I cannot
9. I am confident I would recognize a friend on the phone, even if they were attempting
to disguise their voice
10. I find it hard to identify which celebrities are voicing characters in animated films
11. When I overhear familiar people speaking, I know who they are before I see them
12. It is difficult to follow radio shows and podcasts with multiple speakers because their
voices sound similar
13. I would notice immediately if a voice actor changed midway through an animated
series
14. I find it hard to imagine familiar voices (e.g. the voice of celebrities, friends, family)
15. I can recognize which musician is performing a new song just from their voice
16. My ability to recognize people from their voice is worse than that of most other people
Nb. Items with odd numbers were reverse scored.
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