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Abstract. A 20-year old female, AN, was markedly poorer than controls (a number of 
whom were perfect) at identifying her most familiar celebrity voices. AN shows no 
evidence of brain damage or lesions, no deficit in voice and non-voice sound 
discrimination tasks, no deficit in face recognition, a clear imagination of non-voice 
sounds. AN and two additional phonagnosics were inability to imagine the voices of 
familiar celebrities. In order to solve the difficult problem of comparing a single subject 
to a sample of controls, I developed a bootstrap analysis that was crucial in isolating a 
region in the ventromedial prefrontal cortex (vmPFC) that was activated in controls, but 
not by AN, when imagining familiar celebrity voices. Rather than a deficit in the 
representation of prosody, AN may be unable to associate the prosody of a voice to the 
identity of a familiar person over the long term. In this respect, the deficit in 
developmental phonagnosia may bear a striking parallel to developmental 
prosopagnosia. 
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1. Introduction 

Voice identification, before lighting and caller ID, could be a critical adaptation in 
evolutionary history allowing humans to distinguish people at night or in a dense jungle 
on the basis of their voice. So perhaps it is not surprising that almost all of us are able to 
readily identify a familiar person solely from their voice, just as we are able to identify 
that person from a glance at their face. A deficit in voice identification has been termed 
“phonagnosia” (Van Lancker & Canter, 1982). 

Kreiman and Sidtis (2011) distinguish language from prosody.  It is prosody that 
largely underlies our ability to individuate a speaker on the basis of his or her voice. The 
units of language include entities such as phonemes, morphemes, words, sentences, 
phrases, and discourse. There is considerable variation in the dimensions or units that 
have been defined in the study of prosody; Kreiman and Sidtis list 108 attributes such 
as accent, cadence, final lowering, intonation, key, phrasing, pitch, and stress pattern 
that have been considered as characteristics of prosody. The dissociation of prosody 
and language processing is supported by the remarkable finding of Van Lancker and 
Canter (1982) that severely aphasic individuals with no understanding of language or a 
capacity for language production could, nonetheless, readily identify who was speaking. 
These individuals suffered lesions to the left hemisphere.  

As in prosopagnosia, phonagnosia can be either “developmental” (likely 
congenital), or “acquired,” typically through damage in the right hemisphere, especially 
the medial parietal region, as a result of injury and stroke. There have been a number of 
studies of acquired phonagnosia (e.g., Van Lancker, Kreiman, & Cummings, 1989; 
Kreiman & Sidtis, 2011), but at the time of this research there had been only one 
reported case of developmental phonagnosia: a 60 year old woman (KH). Since the 
conclusion of our experiments, two additional cases of developmental phonagnosia 
have been reported: a 32 year old woman (AS), and a 32 year old man (SP), each with 
no known brain damage and reported problems with recognizing voices all of their lives 
(Garrido et al., 2009; Roswandowitz et al., 2014).  

Phonagnosic AN.  I report here on the second developmental phonagnosic with 
an investigation designed to provide a theoretical characterization of the condition.  At 
the time of testing, AN was a 20 year old student who had approached the instructor in 
her Cognitive Neuroscience course expressing difficulty in identifying people on the 
basis of their voice. This was not a deficit of intelligence or social skills. AN graduated 
with a 3.8 GPA as a psychology major. Her conversational abilities are normal and she 
enjoys music, even playing the guitar herself. She reports no difficulty with face 
recognition, consistent with her exceptionally high score of 96.45% correct on the 
Harvard faceblind.org celebrity face recognition test (well above the mean of 85%). AN’s 
condition is likely developmental insofar as she has suffered no known brain lesions nor 
were any detected in MRI structural scans.   

AN was 18 when she first realized her inability to recognize voices for which she 
offered the following reflection: 

“I never really noticed a deficit when I was younger because I never really thought about people 
being ABLE to easily recognize voices without seeing the person with which they were 
conversing. When I could tell who was on the phone, it would be from inference.” (AN, October 



Sarah	Herald	 Honors	Thesis:	Developmental	Phonagnosia	 	 4

2013). 

Her conversation is normal, if not superior and she easily can determine the sex 
of a speaker from the speaker’s voice and “usually pick up on if someone is old or 
young.” The condition appears to be quite rare. In an ongoing web-based assay 
(https://usc.qualtrics.com/SE/?SID=SV_3eNnm65Fe8aTBnT) with over 1,300 
respondents, 1.5% have met the criteria – falling below 2 SDs below the mean on both 
voice recognition score and voice imagination ratings – as possible phonagnosics.  

Experiment 1:  Celebrity Recognition Test 

 The capacity of AN and controls to identify a speaker on the basis of his or her 
voice was assessed by a celebrity recognition test roughly inspired by those employed 
by Van Lancker and Canter (1983) and Van Lancker and Kreiman (1986; 1987).  On 
each trial, subjects were presented with a picture and name of 1, 2 or 4 celebrities (Fig. 
1).  They then listened to two short audio clips, one of a celebrity the other of a non-
celebrity.  They first judged which clip was that of the celebrity.  They then judged (with 
2 or 4 alternative celebrities) which celebrity matched the voice on the clip.  The two-
stage assessment (Which voice is that of a celebrity? Which celebrity is it?) was 
included to determine whether voices could have a familiarity value without necessarily 
being associated with a particular celebrity. For both judgments, they also rated their 
confidence in their choice.  

Restriction in the size of the set of celebrities is necessary as prior research (e.g., 
Garrido, 2009; Kreiman & Sidtis, 2011; Legge, Grosman, & Pieper, 1984) and a pilot 
study in our own lab had established that voice identification accuracy for a large and 
unknown set of target voices is extraordinarily difficult, even for subjects who otherwise 
evidence no deficit in voice identification.  

Exp. 1 Methods: 

Subjects:  Twenty-one controls, 9 female, mean age 32.0 (SD= 15.9), age range from 
19 to 73, 20 right handed and AN, age 20 at the time of testing. 

Pre-test Familiarity Assessment:  Participants were first presented with a list of 100 
celebrity names with pictures of their faces on the Qualtrics survey software (Qualtrics, 
Provo, UT). The celebrities were those generated by AN as those most familiar to her.  
All were mainstream entertainers, politicians, and news figures.  The participants 
indicated by mouse click those celebrities with whom they were not familiar.  They were 
not to click if they specifically remembered hearing the celebrity speak.  

Recognition Test.  Subjects listened to two 6-8 s voice clips extracted from interviews 
chosen specifically not to convey any information about identity or profession.  They 
were to match each clip to 1, 2, or 4 celebrity targets specified by name and photo (Fig. 
1).  One of the clips was the voice of a pictured celebrity and the other was of a non-
famous person. The foils matched the celebrity target in sex, approximate age, race, 
and accent.  Upon listening to the voice clips, the participants chose the voice that they 
believed matched the pictured celebrity.  Subjects clicked on a five-point confidence 
rating scale following both their choice as to which clip was the celebrity and (for the 
two- and four-choice conditions), which celebrity matched the clip. In the one-choice 
condition, the selection of the celebrity automatically designated the correct target.  
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There were a total of 100 trials randomly ordered: 33 with one and two choices and 34 
with four choices. The test took approximately one hour to complete. 
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Figure 1. Sample display of a four-celebrity voice recognition trial showing the choice 
structure and the confidence rating scales. The headshots were in color in the online 
test. 

 

Exp I: Results and Discussion 

Trials were analyzed in accordance with the subjects’ familiarity ratings of the 
celebrity targets on each trial. AN’s accuracy, while above chance, was markedly and 
significantly lower than the controls at all three choice levels, especially compared to 
trials in which the controls were familiar with all targets (Fig. 2). For all t-tests comparing 
AN against controls in this report, we used the modified t-test advocated by Crawford 
(Crawford & Howell, 1998; Crawford & Garthwaite, 2002) instead of the standard one-
sample t-test. The null hypothesis for the Crawford t-test does not assume that the 
individual’s mean (AN in this report) is at the mean of a normal distribution equal to that 
of the control mean. For AN vs. Controls, Crawford t-values (df = 19), for 1, 2, and 4 
options with familiarity with all celebrity options were, respectively, -5.90, p < .001; -
1.98, p = .031; and -3.16, p = .002. The decline in accuracy as a function of the number 
of possible target voices on each trial shown in Fig. 2 replicates the well-documented 
cost of set size in the voice recognition literature (e.g., Legge, Grosman, & Pieper, 
1984).   

 

 

Figure 2.  Mean correct responses (trials in which both voice and celebrity were correct) 
as a function of the number of celebrity options for AN and controls. Black lines indicate 
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chance responding. Mismatched cases (correctly choosing which voice was a 
celebrity’s but selecting the wrong celebrity or incorrectly choosing the voice but picking 
the identity correctly or double errors) were ruled as incorrect. Because not all controls 
are familiar with AN’s top 100 celebrities, only trials where controls were familiar with all 
celebrities options were included in this analysis. *p < .05, , **p < .01, ***p <. 001.  

 

Performance for the two- and four-choice trials was further analyzed according to 
the conditional of first choosing a voice then choosing an identity. For the controls, 
choosing the correct voice was associated with choosing the correct identity at 
approximately 90% accuracy, and vice versa.  If either the voice choice or identity 
choice were wrong, accuracy on the other question on that trial was at chance. There 
were no reliable effects of age on mean accuracy (younger half of subjects, 84..73%, 
vs. older half, 82.4%, t(19) < 1.00, n.s.) or sex (male = 79.0% vs. female  = 89.8%, t(19) 
= 1.50, p > .05. 

Commensurate with her low level of accuracy, AN’s confidence was also much 
lower than the controls at all conditions (i.e., one, two, and four choices, both for target 
voice or identity choice), single sample t(19) at least p<0.01, for all comparisons. Across 
all trials, the mean confidence rating for controls was 4.3 (SD = .56) compared to AN’s 
2.5.  AN’s low confidence was, at least in part, due to her sensitivity to her own poor 
performance. Knowing that she was guessing on a large proportion of the trials, AN 
properly rated her confidence as low. To investigate this, we analyzed the conditional 
confidence rating data. Confidence for control subjects exceeded 4.5 on the 5-point 
scale for answers they got correct -- when they were correct, they knew it.  AN, on the 
other hand, rarely exceeded a confidence score of 3, even for her correct answers.  It 
wasn’t that AN was completely insensitive to her performance.  Her confidence ratings, 
as well as that of the controls, were positively correlated with accuracy; her correlation 
of r = .55 was similar to that of the controls, r(19) = .502.  AN is thus markedly deficient 
in her recognition of the voices of the celebrities with whom she, herself, is maximally 
familiar.  And, as evidenced in her low confidence ratings, she is well aware of her 
deficit.   
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Figure 3.  Confidence ratings for controls and AN for judging which voice clip was the 
celebrity (voice) and judging which celebrity was speaking (identity). Trials with only one 
possible celebrity only had confidence ratings for which voice clip was the given 
celebrity. 

 

Reaction times could not be recorded on this web-based recognition task but a 
common report of those control subjects (who were asked) was that they often were 
absolutely confident as to the speaker’s identity on hearing the very first syllable or two 
from the first 7s voice clip. Indeed, many reported that they initiated their clicking on 
both the voice and target buttons and their associated confidence ratings well before the 
first 7s voice sample was completed if they judged that voice to be the celebrity.   

Experiment 2: Voice Discrimination and Memory for Sentences 

Exp 2. Method.  

Participants.  In addition to AN, there were 9 control subjects ages 19-31 (M = 22.9), 6 
females, and one left handed male. All were students at the University of Southern 
California. 

Stimuli. Five similar female voices were used throughout the experiment. No voice had 
a marked prosodic feature that distinguished it from the other four. The voices were 
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recorded reading simple sentences (e.g. “The clown had a funny face”) in an 
emotionally neutral tone. The recordings were obtained from the Online 
Speech/Corpora Archive and Analysis Resource (http://oscaar.ling.northwestern.edu/), 
BKB sentences, from Northwestern University. 

Procedure. Subjects listened to a target speaker utter a short sentence and then after a 
filled, variable time delay (5, 10, 20 seconds) selected which of two voice samples, each 
speaking the same sentence which differed from that initially heard, was the original 
voice. During the filled delay subjects had to count backwards by threes from a three 
digit number that appeared on screen. 

Exp. 2 Results. AN’s accuracy in choosing the correct voice was exactly at the median 
of the controls, 75.0% (range: 65.8-80.8%), and above the mean of 73.9% (SD = 
5.42%) correct (Fig. 4a). Even when considering the mean rather than median, AN’s 
accuracy did not differ significantly from controls, t(8) = .19, ns. For controls, longer 
delays, resulted in lower accuracy, 83.9, 74.4 & 63.3%, at 5, 10 and 20 s respectively, 
which was quite close to AN’s accuracy of 82.5, 77.5 and 65.0% at those delays.  

To determine whether AN’s relative level of difficulty with the various items in the 
experiment was similar to that of the controls, we first computed the average accuracy 
for each item (based on the 9 control subjects’ performance) and then correlated the 
average per item accuracy with each subject’s per item accuracy. All 9 controls had 
positive correlations with the average accuracy vector (Mean r = .41 Median r = .38 
Range: .27 to 0.63), as did AN whose correlation with the average accuracy vector, r = 
.29, was at the lower end of the range, but was close to significant (p < .068). That AN’s 
relative item accuracy was similar to controls suggests that she likely used similar 
properties of the voices as the controls to make her comparisons.   
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Figure 4. Performance of AN (red) vs. Controls (blue) in the voice discrimination 
experiment, for the three filled delay intervals (counting backwards) between the target 
voice and the two matching voices: A. Percent error rates, B. Confidence ratings for the 
subjects’ choice.  

 

Whatever the root cause of AN’s severe deficit in recognizing celebrity voices, it 
is not manifested in the retention, over a filled interval, of the detailed memory of a voice 
sufficient to distinguish between highly similar voices speaking different sentences. To 
assess further AN’s performance on low level auditory processing tasks, she, along with 
seven controls (one female, average age 31.7, SD = 17.4) took the online Voice 
Perception Assessment provided by the Voice Neurocognition Laboratory (http://marc-
web.psy.gla.ac.uk/online2/index.php). The assessment consisted of two groups of tasks 
with brief auditory stimuli: a) memory judgments as to whether a single vowel was 
spoken by a previously studied set of eight voices all saying that vowel and judging 
whether a bell was a member of a previously studied set of bells over shorter (10 s) and 
longer (5 min) retention intervals, and b) same-different discrimination of pairs of voices 
and pairs of sounds of musical instruments. This test battery was primarily designed to 
obtain normative data from a population so there were only 16 YES-No trials on each 
test (with a 50% guessing rate), yielding insufficient power on the individual tests with 
which to compare AN against the controls.  Overall, however, AN’s performance was 
virtually identical to that of the controls with scores across all tests averaging 66.6% for 
AN vs. 67.2% for controls.   

Exp. 3. Voice vs. non-voice imagery.   
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	 AN reported a difficulty in imagining the voices of familiar celebrities, despite her 
repeated exposure to their voice. We assessed her voice and non-voice imagery on an 
online behavioral test. Participants were asked to either imagine the voice of a celebrity, 
cued by a headshot and name as in the recognition task or to imagine a non-voice 
sound (e.g. tools, natural sounds, animal sounds, musical instruments) cued by a 
picture of what creates the sound and the name of the sound. There were 50 celebrities 
and 50 non-voice items. We also were able to enlist KH, now 66, the phonagnosic who 
had been reported by Garrido et al. (2009). For KH we prepared a British version of the 
test comprised of the celebrities from Garrido et al. that were familiar to KH plus an 
additional set of celebrities generated by KH in response to our request.  A third 
phonagnosic, SR, a 49 year old male, came to our attention and was also run on the 
U.S. version of the recognition test (where his score was 64.9% accuracy vs. 88.2% for 
the controls) and imagery tasks. 

All three phonagnosics gave markedly lower ratings to their imagery of voices than 
the controls (n = 7), 2.01 compared to 4.42 for the controls (Fig. 5). There was little 
difference between AN, SR, KH and the controls in their high ratings of non-voice 
stimuli.  The low ratings to their imagery of voices by AN, SR, and KH are, therefore, not 
a consequence of rating all auditory imagery as low. KH, however, gave the non-voice 
objects a relatively low imagery rating (3.46) which, while markedly higher than her 
voice ratings, was reliably lower than AN or the controls. In a follow up exchange, KH 
appeared to consider (inappropriately) various entry-level (Jolicoeur, Gluck, & Kosslyn, 
1984) variants rather than the requested prototypical basic-level interpretations.  Given 
a non-voice item of “Bird Singing” with a picture of a songbird, KH wrote: “For instance, 
‘bird song’ for me was all over the place (i.e., too heterogeneous) – owl hoot? Crow cawing? 
Nightingale singing? I know that in the abstract they’re all ‘birds vocalising’, but they are too 
different from one another for me to be able to clump them into one imaginative ‘event’”. (KH, 
November, 2013.) No other subject appeared to stray from the prototypical basic-level 
classification explicitly invited by the picture and label on each trial.   
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Figure 5.  Imagination ratings for celebrity voices and non-voice stimuli (objects, 
animals, and human non-voice sounds) for controls (n = 7), and AN, KH, and SR. *** = 
p < .001 compared to celebrity voice imagery ratings by controls. *p < .05 compared to 
ratings of non-voices by controls.  

 

       The striking relation between an inability to recognize familiar voices and the 
inability to imagine them is not restricted to the three phonagnosics described above. In 
the ongoing web-based assessment of the recognition accuracy of the voices of familiar 
celebrities, we currently have data from 192 respondents who also rated the voice 
imagery of highly familiar celebrities. In this sample, the inability to imagine the voice of 
a familiar celebrity—familiar as rated by the subjects themselves--is closely linked with 
the inability to recognize those celebrity voices. The seven respondents with the lowest 
ratings, Mean = 3.05 (SD = .49) on a five point scale of their ability to imagine a familiar 
celebrity voice, averaged only 56.70% (SD = 14.7%) correct on the recognition test.  
The remaining 185 subjects had an average imagery rating of 4.59 (SD = .43) and 
averaged 86.50% (SD = 8.85%) correct on the recognition test.  

       The inability to imagine voices by developmental phonagnosics may have a parallel 
in developmental prosopagnosia in that developmental prosopagnosics report an 
inability to imagine faces (Grüter et al., 2009; Tree & Wilkie, 2010). In contrast, an 
acquired prosopagnosic, MJH, with a severe deficit in face perception and recognition 
tested by Michelon and Biederman (2003) reported having mental images of faces and 
gave evidence of such imagery in judging facial attributes of celebrities.   
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Experiment 4: fMRI Assessment of the Temporal Voice Area (TVA) 

Subjects: AN and nine control subjects (three females) with a mean age of 26 years (SD 
= 3.5, range 22 to 31) participated in the experiment. In a single session, both the TVA 
localizer (Exp. 4) and an imagination ratings task (Exp. 5) was run. 

TVA Localizer runs. We adopted the stimuli and protocol proposed by Belin et al. 
(2000). During the scan, participants kept their eyes closed and listened passively to 
sounds of either a) human vocal sounds, e.g., a laugh, sneeze, short sentences, etc., or 
b) non-human sounds made by vehicles, tools, animals, etc. 20 blocks of each image 
category (human and non-human sounds) were presented with 20 interleaving silent 
blocks in randomized order. Each sound block consisted of four to six short sound-clips 
of either category with a total duration of 8 seconds; the silence block also was of 8 
seconds in duration. 

Exp. 4: Results and Discussion. In order to assess whether there were any significant 
differences between AN, a single subject, and the sample of controls, I performed a 
bootstrap analysis in which the data of the controls are repeatedly sampled with 
replacement to yield an assumption-free sampling distribution. (Details of the 
bootstrapping methodology are presented in Experiment 5.) As expected from the 
almost identical pattern of activation of the TVA for AN and controls, none of the 
differences between AN and controls came close to significance from the bootstrap 
analysis. AN appears to be normal to the extent that activation of the TVA localizer 
reflects the capacity of an individual to distinguish human vocal sounds, both speech 
and nonspeech, from non-human sounds.  
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Figure 6. Activation pattern of the contrast of listening to human versus non-human 
sounds.  The Temporal Voice Areas (TVAs) are shown in both the controls (n = 9) and 
AN, superimposed on the average of the controls and AN’s structural image, 
respectively. 

 

Experiment 5: fMRI Analysis of the Voice Imagination Task 

Method.  Subjects performed an imagination task identical to Exp. 3 using the same 
cues. On each trial, subjects were given 8s to imagine either the celebrity voice or the 
non-voice sound. An additional condition of silence cued by a picture of the moon was 
added during which subjects were asked to imagine nothing. 

Results: Exp. 5: Unlike the TVA localizer, the voice imagination task did distinguish AN 
from the controls.  Given a celebrity and the instruction to imagine that celebrity’s voice 
(vs. the imagination of a non-voice sound), a region in the ventromedial part of the 
prefrontal cortex (labeled as vmPFC) showed strong activation in the control subjects 
but no differential activation was apparent in AN, as shown in Fig. 7.  
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Figure 7. Activation patterns of contrasting the imagination of human celebrity voices 
versus non-human sounds in control subjects and AN in the Voice Imagination Task. 
The differential components between AN and controls were localized in the ventral 
medial prefrontal cortex and the hippocampi.  

 

Exp. 5: Bootstrap Analysis. A major challenge in the field is that there had been no 
agreed upon method of statistically comparing a single subject to a sample of controls. I 
solved this problem by developing a bootstrap analysis. To assess the significance of 
AN’s differential activation compared to controls on the imagination task, a bootstrap 
analysis was performed on the activation t-value maps obtained for each subject. 
Instead of assuming an underlying normal distribution from which control subjects are 
drawn, a bootstrapping approach allows an extrapolation to an empirically defined 
population distribution from multiple resamplings of the actual data (e.g., Kline, 2013). 
By comparing AN to this distribution generated from the controls, the bootstrap analysis 
provides a proxy of testing whether the differential activity between controls and AN 
found in the fixed effect and random effect analysis is significant. Specifically, t-values 
for each voxel from the nine controls and from AN were exported from Brainvoyager QX 
into Matlab using the NeuroElf (version 0.9c) package for Matlab.  

 Given that the functional data and the t-values maps of all subjects underwent 
Talairach transformation, we assumed the spatial correspondence of voxels across AN 
and controls. For each voxel, 5,000 resampling simulations were run. For each 
simulation, for each voxel, a mean t-value for the contrast of interest was obtained by 
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sampling the nine control t-values with replacement nine times and then taking the 
mean of the sampled distribution. Thus, the same control subject could be sampled 
multiple times while another subject was not sampled at all. This sampling, with 
replacement, was repeated 5,000 times for each voxel, which produced a distribution of 
5,000 mean t-values for each voxel. The percentile of AN’s t-value within the distribution 
of 5,000 mean t-values was treated as the indicator p-value to determine whether AN’s 
activation differed significantly from the controls for that voxel. A p-value of 0.01, for 
example, thus indicates that AN’s activation value in this voxel is lower than 99% of 
controls.  

 In order to better display the comparison of activity for AN and the controls the 
cluster threshold size was set to 5 continuous voxels on each of the three voxel 
dimensions, with the significance threshold additionally set to display only voxels at p < 
0.01. 

Exp. 5: fMRI Bootstrap Results and Discussion.  The bootstrap analysis found three 
regions in the default network (e.g., Araujo, et al, 2013; Ma et. al, 2013) in which AN 
showed lower differential activation compared with controls for the contrast of imagining 
celebrity voices minus non-voice sounds: 30 voxels in the vmPFC (Talairach 0 43, -8), 
28 voxels in the left posterior precuneus (Talairach -10, -60, 19), 42 voxels in the left 
cuneus (Talairach -10, -88, 12), with all regions significant at p<0.01 (Fig. 8).  That 
these three regions together showed reduced activation in AN may be due to the strong 
connectedness of these regions with respect to both white matter and resting state 
functional correlations (Hagmann et al, 2008). In addition, AN showed reduced 
activation in 29 voxels in a region near the right corpus callosum (Talairach 15, -36, 12), 
adjacent to the posterior cingulate. Given that no other study in this domain has 
reported differential callosal activation it is possible that the activity was a consequence 
of misalignment in Talairach space and the differential activity actually arose in the 
posterior cingulate. Indeed, AN and control subjects had strong positive activation in the 
posterior cingulate, as well as the left precuneus, whereas activation in the vmPFC was 
present in controls but not AN (Fig. 7). 
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Figure 8. Regions of significantly different activation between AN and control subjects 
on the contrast of celebrity voice minus non-human sound imagination. Significance 
values were localized through a bootstrap analysis in the vmPFC, 30 voxels, left 
precuneus, 28 voxels, left cuneus, 42 voxels, and right corpus callosum, 29 voxels (p < 
0.01). AN had no significant activation in the regions with significant differences, while 
controls had positive activation in all of the regions with significant differences. 

 

 The literature does support a role of these regions, especially the vmPFC, in person 
identification. Along with the posterior medial cortices, including the precuneus, the 
medial frontal area is generally considered part of the “default network” in which in the 
absence of an explicit task to perform, a person thinks about himself or herself when 
being scanned. Although heightened activity in the default network has generally been 
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associated with thoughts about oneself, a meta-analysis of 28 studies (Araujo et al, 
2013) presented a case for the storing of representations of other people in mPFC. Ma 
et al., (2013) further examined the mPFC and concluded that the vmPFC encodes traits 
about other people and may act as a hub for linking information and traits about others. 
In this case, we might expect retrieval of prosody for imagination to be related to 
vmPFC activation.   

 No significant activity, however, was observed in AN’s vmPFC when contrasting her 
imagination of celebrity voices vs. non-voice sounds (Figure 7), a result that differed 
significantly from controls (Figure 8).  There is evidence that the vmPFC may play a 
significant role in it the identification of familiar individuals. Leveroni et al.’s (2000) 
subjects made familiarity judgments of faces, some famous and some recently learned. 
The famous faces produced greater activation in the vmPFC compared to recently 
learned faces. The authors concluded that this pattern reflected the retrieval of 
information from a person identity semantic system. One possibility consistent with the 
results of Leveroni et al. is that the vmPFC is not only activated when thinking about 
oneself, as generally assumed about the “default network,” but when thinking about 
perceptual aspects of a person, such as the famous faces in Leveroni et al. and the 
voice prosody of highly familiar individuals in the present experiment. That the vmPFC 
might not be dedicated to judging traits about oneself is that such judgments would 
more likely be characteristic of AN who is keenly aware of her inability in being able to 
imagine celebrity voices. Her low confidence in her ability is directly seen in her ratings 
for the recognition task (Exp. 1) as well as the imagination task (Exp. 3, Fig. 6). Given 
the rarity of the inability to achieve voice identification, it seems plausible that AN would 
be more likely to think of her deficit as a trait about herself than the control subjects who 
likely took for granted that they—and everyone else--can do this task. If vmPFC were 
activated when thinking about one’s own traits, we should have witnessed more—not 
less, activation in that regions for AN. (In reading this section, AN noted, ”This is very 
interesting! I definitely was strongly feeling my deficit while trying to do the imagination 
task, so your hypothesis here seems valid.”)   

 The introspection when performing the voice imagination task, from all subjects and 
others queried, is that one does not imagine the celebrity saying words. (The reader is 
invited to try it by imagining the voice of a familiar celebrity subject to our exclusion of 
cases where a stock phrase is associated with the celebrity.) Instead, it is the prosody 
of the voice that is imagined. This potentially critical point will be revisited in the General 
Discussion.  

General Discussion 

 AN presents a marked deficit in the identification of highly familiar voices (Exp. 
1). With no measurable lesion or neurological incident she thus qualifies as a 
developmental phonagnosic. She is normal in low level discrimination and immediate 
memory of sounds and voices (Exp. 2) and shows normal activation of the Temporal 
Voice Area (Exp. 4). However, AN is unable to imagine voices (Exp. 3), a factor that 
appears linked with an absence of activity in vmPFC (Exp. 5). 

 Because AN was equivalent to controls on both voice and non-voice sound 
matching and discrimination tasks (Exp. 2), it is clear that AN does not suffer from a 
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general failure to discriminate, or hold in shorter term memory, the brief voice stimuli of 
the speaker discrimination and Voice Neurocognition Laboratory tests. Given that the 
speaker memory/discrimination test in Exp. 2 had different words in the sample than in 
the test sentence, the matching had to be achieved based on prosody. AN’s problem is 
not a low-level deficit in prosody or memory regions of the brain. 

The classification of the vmPFC as a person identity node, combined AN’s 
normal performance in recognizing faces, indicates that AN’s deficit in the vmPFC is 
specific to voices and does not stem from a general deficit in the functioning of person 
identity in the vmPFC. A striking parallel is found in developmental prosopagnosics, who 
show normal discrimination of faces as same or different, normal activation of posterior 
face areas (i.e. right FFA and OFA), but demonstrate a marked deficit in imagining 
familiar faces (Grüter et al., 2009; Tree & Wilkie, 2010). This raises the possibility of 
whether developmental phonagnosics and developmental prosopagnosics share a 
common neural basis for their deficits. 

A possible explanation is suggested by the finding of Thomas et al. (2009) that 
developmental prosopagnosics, who show normal selectivity in posterior face areas, 
i.e., right FFA and OFA, have a paucity of white matter connections from those areas to 
frontal cortex. The well-functioning posterior face areas may compute an accurate face 
representation, thus allowing normal fMRI selectivity and face discrimination, but the 
information that reaches the frontal cortex, and potentially the vmPFC, is deficient or 
nonexistent. Because this face information is never associated with a person identity 
node (e.g. the vmPFC), developmental prosopagnosics cannot imagine faces. 

A similar deficit in white matter connections could underlie developmental 
phonagnosia, with a deficit in the white matter connecting posterior prosody regions, 
likely the right medial parietal cortex (Kreiman & Sidtis, 2011), to a person identification 
node localized in this study and Leveroni et al. (2000) as the vmPFC. AN and other 
developmental phonagnosics may compute an accurate representation of prosody, but 
the prosody information that reaches the vmPFC is deficient or nonexistent, similar to 
developmental prosopagnosics. Because developmental phonagnosics cannot store 
voices over the long-term, they cannot imagine voices. This is the first theoretical 
characterization of developmental phonagnosia, suggesting that rather than a deficit in 
the ability to extract prosody, AN’s phonagnosia may in fact be a white matter problem 
with associating the prosody of a familiar voice to the identity of a person over the long 
term. 
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