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Abstract: Cognitive models propose that auditory verbal hallucinations arise
through inner speech misidentification. However, such models cannot explain
why the voices in hallucinations often have identities different from the hearer.
This study investigated whether a general voice identity recognition difficulty
might be present in schizophrenia and related to auditory verbal hallucinations.
Twenty-five schizophrenia patients and 13 healthy controls were tested on
recognition of famous voices. Signal detection theory was used to calculate
perceptual sensitivity and response criterion measures. Schizophrenia patients
obtained fewer hits and had lower perceptual sensitivity to detect famous voices
than healthy controls did. There were no differences between groups in false
alarm rate or response criterion. A symptom-based analysis demonstrated that
especially those patients with auditory verbal hallucinations performed poorly
in the task. The results indicate that patients with hallucinations are impaired
at voice identity recognition because of decreased sensitivity, which may result
in inner speech misidentification.
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Auditory verbal hallucinations (AVHs) are one of the most striking
symptoms of schizophrenia, affecting up to 70% of schizophrenia

patients during the course of the illness (Bentall, 1990). Despite the
vast amount of research carried out in the area, the mechanisms of
formation of AVH are still poorly understood. A prominent phe-
nomenological feature of AVH is the perception of voices that have a
specific identity (Stephane et al., 2003). Moreover, the voices seem to
be generated by a person other than the self and often have the
acoustical features (e.g., pitch, tempo, amplitude, and even accent)
of a particular individual, different to the hearer’s own (Jones and
Fernyhough, 2007). The voice identity specificity of AVH challenged
theories claiming a misattribution of inner speech as the foundations
of AVH, as these theories still need to account for the mechanism by
which inner speech conveys acoustic properties different from the
hearer’s own voice. The missing link could be an additional voice
identity recognition deficit in patients with AVH, as difficulties in
recognizing one’s own voice could contribute to the attribution of self-
generated material to an external source (Alba-Ferrara et al., 2012).

Previous research has intended to address whether AVHs result
from impaired self-monitoring of verbal material (Johns et al., 2001).
In the study by Johns et al. (2001), AVH patients and controls were
asked to read words aloud while wearing headphones that transmitted
the vocal input back to the participant. In some of the trials, the
transmission of the speech was distorted (acoustic features such as

pitch were modified). In other trials, participants heard someone else’s
voice instead of their own as they spoke. Control trials were also
included in which participants could hear their voice without any
modification. Immediately after saying the words, participants iden-
tified the source of the voice they heard as own, alien, or unsure via a
key press. The results showed that patients with positive symptoms,
compared with patients without positive symptoms and healthy
controls, misidentify their own voice as that of someone else when
presented during the distorted feedback trials (Johns et al., 2001). This
finding was interpreted by the authors in terms of abnormal self-
monitoring. However, there might be alternative explanations of this
misidentification of self-generated speech.

For example, Allen et al. (2004) tested AVH patients with dis-
torted recordings of adjectives spoken in their own or other person’s
voice. Because this paradigm did not involve generating verbal ma-
terial by the subjects at the moment of testing, the task could be
performed without the use of verbal self-monitoring. The authors
propose that the misattribution was due to an externalizing bias when
processing unusual perceptual information. Finally, the authors dis-
missed the idea that the misattribution was due to a general deficit of
voice discrimination, arguing that AVH patients tend to attribute the
utterances to external sources instead of choosing the options ‘‘their
own voice’’ or ‘‘unsure.’’ However, it is important to consider that
one’s voice sounds different when it is heard from a recording (Békésy,
1949). During self-generated speech, sound reaches the inner ear by
way of two separate paths. Air-conducted sound is transmitted from
the surrounding environment through the external auditory canal,
eardrum, and middle ear to the cochlea. Bone-conducted sound
reaches the cochlea directly through the tissues of the head. The voice
heard during self-generated speech is perceived by the combination of
sound carried along both paths, resulting in a deeper and more res-
onant sound. Instead, listening to an external sound is performed
through the air-conducted path solely. Thus, in the study of Allen et al.,
the misattribution bias might be explained by taking into account that
the participant’s own voice reproduced by an external device sounds
different in comparisonwith self-speech production. In fact, the loss of
spectral information caused by the applied pitch distortion results in
stimuli that are harder to recognize. Moreover, the recorded voice is
not transmitted by bone conduction, resulting in a mismatch between
the internal representation of one’s own voice and perception of the
recorded voice. The mentioned loss of acoustical information of the
recorded stimuli, in addition to the voice identity recognition deficit in
AVH, would result in the misattribution of the stimuli as alien. Al-
though controls might be able to compensate for the mismatch of their
voices with the recorded stimuli, the task might become critical for
those with a voice discrimination deficit. Thus, applying a voice
identity recognition paradigm in AVH patients free from the bone-
conducted pathway confound would show whether there is a genuine
voice misidentification deficit in this population.

A recent study has assessed voice recognition using a novel
paradigm (Zhang et al., 2008). This study presented AVH patients
with personally familiar voices and with voices of strangers. Parti-
cipants had to decide whether the voices were familiar or unfamiliar.
This study found impairment in voice recognition in AVH patients in
comparison with non-AVH patients and healthy controls. Unfortu-
nately, the authors did not test whether the patients could recognize
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the identity of the speaker, instead they assessed only familiarity.
Thus, it is not entirely clear whether a voice identity recognition
difficulty (phonagnosia) is present in this group of patients or if, al-
ternatively, the results indicate avoice familiarity problem. In addition,
because signal detection measures were not calculated, it is difficult
to infer from Zhang et al. (2008) whether the differences in perfor-
mance between AVH patients and controls are due to a decreased sen-
sitivity to detect familiar over unfamiliar voices or to a bias toward a
conservative approach at solving the task, such as a tendency to classify
any voice as unfamiliar (Snodgrass and Corwin, 1988). If AVH patients
cannot distinguish the identity of the speaker by the tone of voice, it
may be the case that even their own voice may not be recognized,
resulting in the source of the voice being perceived as alien.

A different strand of research proposes that patients’ inability to
recognize their own voices may be due to a general self-agnosia, that
is, impairment at distinguishing between self and others (Waters and
Badcock, 2010). This idea has been investigated with some memory
paradigms. One of the studies in this topic assessed source-based
memory with a task in which schizophrenia patients were asked to
identify whether awordwas previously heard in a female or male voice
(Weiss et al., 2008). The authors did not find differences between
patients and controls and interpreted the negative finding as related
to the fact that the assessed patients had only low levels of psycho-
pathology with predominantly negative symptoms. Another study
demonstrated that schizophrenia patients have difficulties remem-
bering self-generated thought words. Here, the performance of
patients with positive symptoms was particularly poor (Keefe et al.,
2002). Finally, a more recent study assessed sex identity recognition
in schizophrenia using vocal stimuli (Waters and Badcock, 2009).
This study found that, compared with controls, patients were im-
paired at memory only for female but not for male voices. Surpris-
ingly, this study did not find differences between patients with more
pronounced auditory hallucinations in comparison with patients with
low psychopathology.

It is the aim of the present study to establish whether schizo-
phrenia patients and particularly those who have AVH are impaired
in voice identity recognition by using an established paradigm in
the assessment of voice identity recall as well as of phonagnosia
(Damjanovic and Hanley, 2007; Garrido et al., 2009; Hanley and
Damjanovic, 2009). The assessment of voice recognition in schizo-
phrenia might be particularly important, although self-recognition
deficits in these patients occur in all modalities (Waters et al., 2010).
The hallucinations that patients experience are predominantly audi-
tory, suggesting that the vocal channel is particularly compromised.
Therefore, it is hypothesized that schizophrenia patients, and partic-
ularly the subgroup with prominent positive symptoms, will identify
fewer famous voices and will find the voices unfamiliar, indepen-
dently of whether they belonged to known or unknown speakers, in
comparison with non-AVH patients and healthy controls.

METHODS

Participants
Twenty-five (20 men) individuals who met the DSM-IV-TR

criteria (American Psychiatric Association, 2000) for schizophrenia
were recruited from several outpatient clinics from Northumberland,
Tyne, and Wear National Health System (NHS) Foundation Trust and
Tees, Esk, and Wear Valleys NHS Foundation Trust. The psychiatric
diagnosis was confirmed by an independent psychiatrist. All patients
were taking antipsychotic drugs such as haloperidol (n = 1), flu-
pentixol (n = 5), risperidone (n = 7), olanzapine (n = 3), aripiprazole
(n = 4), or clozapine (n = 4) (for a comparison of medication dosage
between patients, see Table 2). Exclusion criteria for patients were

multiple diagnoses such as the presence of comorbidities with axis I
disorders of the DSM or existence of a neurological condition.

In addition, 13 healthy participants (8 men) were recruited via
advertisement in the local post office. The leaflet for the recruitment
asked for participants to take part in psychology experiments in ex-
change for a U30 compensation reward. To avoid a potential self-
selection bias, participants were informed about the nature of the
experiment after recruitment. Participants were screened for history of
psychiatric illness, head injury, tinnitus, epilepsy, and drug use. All
patients and controls were native English speakers and were perma-
nent residents in the UK. After receiving a detailed description of the
study, written informed consent was obtained from each participant.
The study was approved by the regional NHS ethics committee and
Durham University Ethics Advisory Committee. Subjects received
U30 for participating in the study.

At the beginning of the testing session, all participants com-
pleted a hearing screening and were assessed with the National Adult
Reading Test (NART; Nelson and Willson, 1991), a test devised to
estimate premorbid intellectual performance (IQ) with a high test-
retest reliability (Morrison et al., 2000). All participants reported that
they did not have hearing impairments or tinnitus. An additional
hearing test was conducted using monaural white-noise bursts (du-
ration, 1 second), presented via headphones with various sound-
pressure levels (steps of 10 dB).More details about the hearing test can
be found in Hirnstein et al. (2007). This test revealed normal per-
formance in all participants. Moreover, there were no differences in
handedness and verbal IQ between groups. The results of the NART,
hearing test, and the Edinburgh handedness questionnaire are shown
in Table 1.

Assessment of Psychopathology
Interviews were conducted by a qualified clinical psychologist

using a semistructured diagnostic interview, the Comprehensive As-
sessment of Symptoms and History (Andreasen et al., 1992). This
interview includes the Scale for the Assessment of Positive Symptoms
(SAPS; with 34 items measured on an ordinal scale ranging from 0
[absent] to 5 [severe]) (Andreasen, 1984b) and the Scale for the As-
sessment of Negative Symptoms (with 21 items) (Andreasen, 1984a).
Details about the scales can be found in Table 2.

Twelve patients who were not currently experiencing halluci-
nations (as defined by a score of e1 in the SAPS hallucination global
score) were allocated to the non-hallucinators group (NAVH). Patients
who reported hallucinations (scoring at least 3 on the SAPS halluci-
nations global score) were allocated to the hallucinators group (AVH).
None of the patients scored between 1 and 3 in this scale. The AVH
group subsequently completed the auditory hallucination subscale
corresponding to the Psychotic SymptomRating Scales (Haddock et al.,
1999). This subscale consists of 11 items measuring frequency, dura-
tion, severity, and intensity of distress caused by auditory hallucinations,
as well as the controllability, loudness, location, negative content, de-
gree of negative content, beliefs about origin of voices, and disruption
they cause in daily life. A 5-point ordinal scale is used to rate symptom
scores (0Y4).

The three groups did not differ significantly in education, age,
or verbal IQ (see Table 1). However, there were differences between
the NAVH and AVH groups in their mean SAPS global scores for
delusion as demonstrated using Mann-Whitney U-test (U = 26.5,
p G 0.005) (Table 2). For the psychopathology variables, a nonpara-
metric test was used because the assumption of normal distribution
was violated as demonstrated by the Kolmogorov-Smirnov test for
one sample. In addition, after converting the medication dosage into
chlorpromazine equivalents (Andreasen et al., 2010), an unpaired
t-test revealed significantly higher medication dosage in the AVH
group (mean [SD], 457 [121]) in comparison with the NAVH group
(mean [SD], 284 [140]; t7 = 2.65, p G 0.033).
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Materials
The stimuli used in the experimental task were taken from the

Damjanovic Famous Voices data set (Damjanovic and Hanley, 2007).
They consisted of 96 voice samples (half female) taken from television
interviews, each of which lasted approximately 7 seconds. Half of the
samples were from famous people, such as David Beckham and
Margaret Thatcher, and the other half were from nonfamous people.
The tone of voice of each sample was neutral, and its content did not
offer any clues regarding the identity or occupation of the speaker. The
audio tracks from both famous and nonfamous voices were presented
via headphones. The whole task lasted approximately 25 minutes.
Participants could opt to take breaks during the task. Stimuli were
presented using E-prime.

Procedure
The participants entered a quiet testing room and were seated in

front of a laptop. They were informed that they would be presented
with a sequence of voices, some of which belonged to people who
were well known in the British media, whereas others belonged to
nonfamous individuals. For each voice, participants had to decide
by key press whether the voice belonged to somebody famous or not.

If they considered the voice to be famous, they were asked to orally
classify their responses as one of the following categories: remember
(R), know (K), or guess (G). Along the lines of previous research
(Maylor, 1995), the experimenter asked the participants if they could
recall the person’s name (R) or if they could associate some facts about
the person (e.g., profession or recall of an event the celebrity has taken
part in) even though they could not recall the person’s name (K). If
participants thought they have heard the voice before but they could
not recall anything about the person, this was registered by the ex-
perimenter as G. Including G as a possible response is necessary to
separate confident from unconfident K responses by giving the sub-
ject the possibility to answer G in case of very low confidence.
However, G responses should be interpreted with caution because they
do not strictly reflect recognition (Gardiner et al., 2002).

Analysis
For the statistical analyses, only those trials where participants

expressed confidence in their memory (correct R and K responses)
were included. All responses were converted to proportions by divid-
ing the number of responses per category (R and K) by 48 (total of
famous voices). The total number of hits was defined as the sum of

TABLE 2. Symptoms

Symptoms Rating

Group, Mean (SD)
Analysis

(Mann-Whitney U-Test)AVH (n = 13; 10 Men) Non-AVH (n = 12; 10 Men)

Duration of illness 13.73 (2.22) 15.17 (2.01) U = 86, p = 0.844
SANS total 10.88 (1.51) 10.04 (0.84) U = 77, p = 0.525
Affective flattening 1.53 (0.25) 1.71 (0.4) U = 86, p = 0.862
Alogia 1.43 (0.27) 1.79 (0.47) U = 81, p = 0.655
Avolition 2.27 (0.27) 2.29 (0.44) U = 89, p = 0.98
Anhedonia 2.57 (0.25) 2.17 (0.42) U = 78, p = 0.552
Attention 2.6 (0.3) 2.92 (0.43) U = 70, p = 0.330
SAPS total 9.9 (0.69) 4.92 (0.87) U = 21, p = 0.001*
Hallucinations 3.83 (0.24) 0.96 (0.23) U = 1.5, p G 0.001**
Delusions 2.97 (0.33) 1.17 (0.31) U = 26.5, p = 0.002*
Bizarre behavior 1.47 (0.25) 1.42 (0.31) U = 86, p = 0.840
Positive formal thought 1.38 (0.33) 1.63 (0.3) U = 79.5, p = 0.598
PSYRATS (hallucination subscale) 25.87 (1.73) 1.75 (1.18) U = 2, p = G0.001**
Chlorpromazine equivalenta 457 (121) 284 (140) t = 2.65, p = 0.033*

aDrug doses were converted into clozapine equivalents using the formula in Andreasen et al. (2010).
*Reported values significant at P G .05.
**Reported values significant at P G .001.
AVHs (n = 13) who were not experiencing hallucinations during the testing session, as defined by a score of 1 or below in the SAPS hallucinations global score. Non-AVHs (n = 13)

scored at least 3 in the SAPS hallucinations global score. Between-groups comparisons analyzed with nonparametric Mann-WhitneyU-test as the samplewere not normally distributed with
respect to their symptoms.

AVH indicates schizophrenia patients with hallucinations; non-AVH, schizophrenia patients without hallucinations; SANS, Scale for the Assessment of Negative Symptoms; SAPS,
Scale for the Assessment of Positive Symptoms; PSYRATS, Psychotic Symptom Rating Scales.

TABLE 1. Demographic Features and Hearing Test

Groups, Mean (SD)

Analysis
(One-Way ANOVA)Demographic Data

AVH
(n = 13; 10 Men)

Non-AVH
(n = 12; 10 Men)

Controls
(n = 13; 9 Men)

Age (yr) 41.73 (2.62) 37.83 (2.87) 42.69 (3.09) p = 0.467
NART/verbal IQ 112.14 (1.79) 110.42 (1.74) 112.69 (1.24) p = 0.573
Hearing test 50.00 (1.24) 55.00 (1.82) 50.00 (1.16) p = 0.735
Years of education 12.73 (2.02) 13.08 (2.39) 14.06 (2.93) p = 0.318

Characteristics of patient groups and controls. The three groups, schizophrenia patients with hallucinations (AVH), schizophrenia patients without hallucinations (non-AVH), and
healthy controls, did not differ significantly in education, age, or verbal IQ. Absolute hearing threshold is expressed in dB SPL.

ANOVA indicates analysis of variance; NART, National Adult Reading Test.
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R and K responses for each participant, and the total number of false
alarms (FAs) comprised all nonfamous voices categorized as famous.
G responses were excluded from the analyses.

We calculated signal detection theory measures to quantify the
participant’s ability to discriminate famous from nonfamous voices
and their response criterion in answering.

The sensitivity index A¶was calculated as follows (Donaldson,
1996):

A0 ¼ 1
2
þ ðHIT� FAÞð1þ HIT�FAÞ

4HITð1� FAÞ :

The A¶ index, an indicator of discrimination of famous over non-
famous voices, can vary between 0 and 1, with values of 1 indicating
perfect discrimination of famous from nonfamous voices and values
around 0.5 indicating chance performance. The Aaronson and Watts
(1987) modified formula was applied to cases where FA rates
exceeded hit. This correction fixes the lower bound at 0.5; thus, in this
case, A¶ varies between 0.5 and 1.

The response criterion B¶¶D was calculated as follows:

B00 D ¼
ð1 � HITÞð1 � FAÞ � ð HITÞð FAÞ
ð1 � HITÞð1 � FAÞ þ ð HITÞð FAÞ :

This index provides a measure of the participant’s tendency to
categorize each voice as famous. The values for B¶¶D can vary between
j1, a response bias of classifying a voice as famous (lax criterion),
and +1, a response bias of classifying a voice as nonfamous (strict
criterion), with a value of 0 representing a neutral bias.

Hits, FAs, A¶ and B¶¶D were each subjected to a 2 � 2 analysis
of variance (ANOVA) with sex of voice (male voices, female voices)
as within-subject variable and group (schizophrenia patients, healthy
controls) as between-subject variable. For a complementary symptom-
based analysis, a 2� 3 ANOVAwas calculated with the only difference
that the between-subjects variable had three levels (healthy controls,
AVH schizophrenia patients, and NAVH schizophrenia patients).

Finally, an additional medication analysis was performed in
patients for the measures in which both patient groups differed.
This analysis comprised analysis of covariance (ANCOVA) with the

FIGURE 1. Performance and signal detection theory measures for the schizophrenia patients with hallucinations (AVH), healthy
controls (controls), and schizophrenia patients without hallucinations (NAVH). Error bars depict standard errors, *p G 0.005.
(A) Mean hits (famous voices correctly identified). (B) Mean false alarms (nonfamous voices incorrectly identified). (C) Mean
discrimination index A¶. (D) Mean response criterion B¶¶D
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measure in which patient groups differed as a dependent variable,
with groups as a between-subjects variable (AVH, NAVH) and with
medication dosage as a covariate. This analysis was sought to extri-
cate the effect of medication from the task performance.

RESULTS
All groups were carefully matched for age and IQ. If we ad-

ditionally include age and IQ as potential confounders/covariates,
none of the findings reported here changes significantly.

Hit Rates
The 2 � 2 ANOVA with group as between-subject factor and

sex of voice as within-subject factor revealed a significant main effect
of sex of voice (F1,38 = 25.71; p = 0.001), indicatingmore hits for male
voices (mean, 33.53; SE, 3.27) than for female voices (mean, 21.13;
SE, 2.03). There was no interaction between sex of voice and group
(F1,38 = 0.01; p = 0.948). The main effect of group was significant
(F1,33 = 5.13; p = 0.003), indicating more hits in the control group
(mean, 32.53; SE, 4.35) than in the patient group (mean, 20.38; SE,
2.97). To disentangle whether this main effect was associated to the
symptoms of the patients, an additional 2� 3 ANOVAwas performed
in which group was divided into three subgroups (AVH, NAVH, and
controls). Themain effect of group was again significant (F2,35 = 3.96,
p G 0.018). Alpha-corrected post hoc tests (Sidak) showed that the
AVH patient group obtained less hits (mean, 18.9; SE, 2.5; p G 0.012)
than healthy controls did (mean, 34.94; SE, 4.25). The NAVH group
(mean, 22.4; SE, 5.91) did not differ from the AVH group (t23 =
j0.56, p = 0.581) and from controls (t23 = 1.79, p = 0.087; Figure 1).
Finally, to assess whether the differences between patient groups
was due to the differences in medication dosage, a 2 � 2 ANCOVA
was performed on patients only and dosage of medication was in-
cluded as potential confounder. The results did not reveal any effect or
interaction of medication dosage (all F1,16 G 3.52; p = 0.080).

False Alarms
The 2� 2ANOVAdid not reveal any significant main effects or

interaction (all F e 2.84, all p Q 0.110). To test if there was any effect
associated with symptoms, an additional 2 � 3 ANOVA was per-
formed in which group was divided in three subgroups (AVH, NAVH,
and controls). This analysis also did not reveal a main effect nor in-
teraction with group.

Sensitivity Index A¶
The ANOVA revealed a significant main effect of sex of voice

(F1,35 = 8.32; p = 0.007), indicating higher sensitivity for male voices
(mean, 0.81; SE, 0.02) than for female voices (mean, 0.76; SE, 0.01).
Therewas no interaction between sex of voice and group (F1,35 = 0.39;
p = 0.538). However, there was a significant main effect of group
(F1,35 = 9.33; p = 0.004), indicating lower sensitivity in patients (mean,
0.75; SE, 0.014) than in the control group (mean, 0.82; SE, 0.02).
Again, to disentangle whether this main effect was also associated
with the symptoms of the patients, a 2 � 3 ANOVA was performed
with the group divided into three subgroups (AVH, NAVH, and
controls). There was a significant main effect of group (F1,34 = 4.53;
p = 0.018). Post hoc Sidak corrected comparisons showed a significant
difference between the AVH group (mean, 0.69; SE, 0.02) and healthy
controls (mean, 0.81; SE, 0.01; p = 0.035). The non-AVH group
(mean, 0.73; SE, 0.02) did not differ from the AVH group (t23 =
j0.51, p = 0.611) and healthy controls (t23 = 2.60, p = 0.198). Finally,
to assess whether the differences between patient groups were con-
founded by medication dosage, an ANCOVA was performed on
patients only and dosage of medication was included as potential

confounder. The results did not find any significant effects of the
covariate (all F1,14 e 0.01; p Q 0.957).

Response Criterion B¶¶D
For B¶¶D, the 2� 2ANOVAdid not reveal any significant effects

(all F e 1.52, all p Q 0.226). Only the main effect of group approached
significance (F1,30 = 3.78; p = 0.061), indicating a trend of a stronger
response bias in patients toward a more conservative criterion (mean,
0.77; SE, 0.03) than in healthy controls (mean, 0.66; SE, 0.04). To
test if there was any effect associated with symptoms, an additional
2 � 3 ANOVAwas performed in which group was divided into three
subgroups (AVH, NAVH, and controls). Again, only the main effect
of group approached significance (F2,34 = 3.19; p = 0.061), and post
hoc comparisons showed only a trend by which the AVH group (mean,
0.80; SE, 0.06) might have adopted a more conservative criterion in
comparison with the control group (mean, 0.66; SE, 0.040; p = 0.058).
However, this difference was not significant.

DISCUSSION
In summary, this study found significant differences between

groups in the percentage of hits obtained in the famous voices rec-
ognition task, as well as in the sensitivity measure A¶. That is,
schizophrenia patients obtained a lower percentage of hits and had
less sensitivity to identify famous voices than healthy controls did.
When splitting the patient group between AVH and NAVH patients,
the analysis revealed that AVH patients obtained significantly lower
hit rates and sensitivity index A¶ than healthy controls did. AVH
patients also showed a trend toward obtaining lower hit rates and A¶
than NAVH patients. The healthy control group did not significantly
differ from the NAVH group. On the contrary, there were no differ-
ences between schizophrenia patients and healthy controls in per-
centage of FAs, neither in the response criterion B¶¶D measure.

The main finding from the present study shows significant
differences between groups in voice identity recognition. Because the
results of the healthy control group replicate those of previous studies
using the same stimuli in terms of hit rates and sensitivity index A¶ for
famous voices (Damjanovic and Hanley, 2007; Garrido et al., 2009),
schizophrenia patients were found to be impaired in this capacity. A
possible interpretation for these findings is that schizophrenia patients
are less accurate than healthy controls at extracting a signal (a par-
ticular famous voice) from a noisy environment (small individual
differences of acoustical features in voices). Thus, this interpretation
implies that the patient group is characterized by low signal-to-noise
internal representations of individual voices. It has been demonstrated
that in schizophrenia, there are high levels of internal noise, which
results in reduced signal-to-noise ratio, leading to poor prosodic
stimuli recognition (Bach et al., 2008). Both emotional prosody and
voice identity recognition rely, in part, on pitch analysis (Perrot et al.,
2007). In fact, difficulties in low-level auditory perception such as
pitch discrimination have also been found in schizophrenia (Leitman
et al., 2005, 2007; Matsumoto et al., 2006). Moreover, pitch percep-
tion difficulties in schizophrenia patients have been shown to impact
negatively on higher auditory processing such as prosody perception
(Leitman et al., 2011). Thus, it might be the case that voice percep-
tion difficulties in schizophrenia patients are rooted in pitch perception
difficulties.

It should be noted that, although the whole patient sample
showed difficulties compared with controls at recognizing famous
voices, the subgroup of patients with AVH seems to perform partic-
ularly poorly in comparison with controls. Such a finding is in op-
position to that of Waters and Badcock (2009), who did not find AVH
patients to be more impaired than NAVH patients. To divide groups,
Waters and Badcock applied a cutoff score of 2 or more in the SAPS
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hallucination subscale. Instead, the present study used a cutoff score
of 3 or more to allocate patients to the AVH subgroup. Thus, patients
of AVH group in the present study were probably more extreme in
their symptoms and thus more likely to show the voice identity rec-
ognition impairment, whereas in Waters and Badcock, the less severe
positive symptoms of the AVH groupmight have preserved them from
exhibiting such impairment. However, the small sample size is an
important limitation of the present study, and it may be a possible
reason for the difference in findings from other published studies with
larger sample sizes.

Our findings are in line with Zhang et al. (2008), who assessed
voice familiarity in schizophrenia patients with and without AVH (for
more details on this study, see the Introduction). This study found that
in a task in which participants were presented the recorded voices of
their own relatives and friends, and they have to classify them as
familiar or nonfamiliar, only the AVH group was impaired, not NAVH
patients and healthy controls. Taken together, evidence for a voice
familiarity deficit in AVH patients solely as shown by Zhang et al., in
addition to a voice identity recognition deficit in AVH patients
compared with healthy controls as shown in the present study, may
suggest a specific link between voice recognition impairment and
hallucinations.

The present study did not find any interaction between sex of
the speaker and group, which seems in contradiction with the study
of Waters and Badcock (2009), who found that schizophrenia pa-
tients were particularly impaired in recognition of female voices.
However, it is important to note methodological differences between
both studies, particularly in the experimental paradigms used. The
recollection of voice identity used in the present study exceeds a sim-
ple perceptual judgement (e.g., the sex labelling task used by Waters
and Badcock, 2009) and involves hierarchically higher memory pro-
cesses (Damjanovic and Hanley, 2007). Thus, it is possible that an
increase in task demands resulted in impaired recognition for both
female and male voices in schizophrenia patients of the present study.

Alternative explanations for the present findings should also
be addressed. It is reasonable to assume that the AVH group is gen-
erally more symptomatic and thus presents a larger cognitive im-
pairment than the NAVH group does. It should be noted, however, that
differences between groups in premorbid verbal IQ were not found.
Moreover, it has been previously shown that especially negative
symptoms and not positive symptoms are associated with neurocog-
nitive decline (Honer et al., 2005; Lewandowski et al., 2011). In ad-
dition, all groups did not differ in the hearing threshold test; thus, a
simple hearing deficit cannot explain the differences between groups
in the experimental task either. Furthermore, all groups differed in
medication dosage, with the highest medication dosage in the AVH
group. The additional medication analysis revealed that medication
did not have a significant effect on voice recognition (i.e., hit rates
and A¶), although the p-value might indicate a trend, in which case the
effect of medication in the findings cannot be completely dismissed.
Finally, although findings from the literature suggest that intrinsic
perceptual limitations of voice processing in schizophrenia may relate
to hallucinations in particular (Rossell and Boundy, 2005; Shea et al.,
2007; Zhang et al., 2008), in the present study, AVH patients also rated
higher in the delusion subscale. Thus, we cannot entirely rule out the
contributions of other positive symptoms toward the impairment in
voice identity recognition.

The groups did not differ in percentage of FA, which may imply
that patients as well as controls did not differ in their bias toward a
certain response (famous/nonfamous). The response criterionmeasure
B¶¶D did not show significant differences between groups either, al-
though there was a trend suggesting that patients might have had a
slightly more conservative response bias when performing the task.
However, because of the fact that this difference was not significant,
interpretations should be made with caution. In contrast to our study,

previous research found differences in response criterion between
groups. For example, Allen et al. (2004) found a bias toward exter-
nalizing self-generated speech in schizophrenia patients, especially for
those with positive symptoms. The lack of group differences in the
response bias in the present study might be partly due to the different
methodological approach. The present study used famous voices in-
stead of recorded self-generated speech. As mentioned in the Intro-
duction, one’s own voice when spoken sounds deeper and more
resonant than when played from an external apparatus owing to the
loss of bone-conducted pathway. The externalization bias found in the
previous study may have been due to the loss of the bone-conducted
pathway when listening to recordings of self-generated speech, and
AVHpatients might have been particularly sensitive to such a pathway.
Given that there is a qualitative difference between the perception of
one’s own voice when spoken than when reproduced from an external
apparatus, it is possible that the recorded voices in Allen et al. study
were not perceived as one’s own, resulting in a bias toward exter-
nalizing. However, the bias would not be expected when listening to
externally presented famous voices, as the bone-conducted pathway
confound would be absent.

Regardless of whether group differences in the response cri-
terion exist, which in the study of Allen et al. (2004) occurred probably
because of the relatively unfamiliar own voice, this study and the
present study found group differences with particularly low perfor-
mance of voice recognition in patients with schizophrenia with pos-
itive symptoms. Difficulties in voice perception may not invalidate the
role of source misattribution deficits in the formation of hallucination;
instead, voice identity recognition deficits might have an additive
effect in generating hallucinations. A general deficit of voice identity
recognition that might be linked to hallucinations is proposed.

To summarize, the present study shows that schizophrenia
patients perform poorly in the recognition of famous voices, with
patients experiencing hallucinations being particularly affected. This
suggests the existence of a voice identity recognition deficit in schizo-
phrenia, which may be linked with hallucinations.
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