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Altered Auditory Self-recognition in People with
Schizophrenia
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Abstract. Self-recognition is of great significance to our sense of self. To date, disturbances in the processing of visual self-
recognition arewell studied in peoplewith schizophrenia,whereas relatively few studies have focused on the processing of
self in other domains, such as auditory. An investigation of auditory self-recognition contributes to delineate changes
related to self and the potential roots of the described psychopathological aspects connoting schizophrenia. By applying
unimodal task andmultisensory test, this study investigated auditory self-recognition in people with schizophrenia under
unimodal and bimodal circumstances. Forty-six adults diagnosedwith schizophrenia and thirty-two healthy controlswere
involved in this study. Results suggested that people with schizophrenia seemed to have significantly lower perceptual
sensitivity in detecting self-voice, and also showed stricter judgment criteria in self-voice decision. Furthermore, in the
presentation of stimuli that combined the stimulation of others’ faces with one’s own voice, people with schizophrenia
mistakenly attributed the voices of others as their own. In conclusion, altered auditory self-recognition in people with
schizophrenia was found.
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Schizophrenia (SZ) is a complicated mental disorder
characterized by negative and positive symptoms, for-
mal thought disorders, and significantly damaged social
function (Kronbichler et al., 2018). Epidemiological stud-
ies showed that the disorder affects 1% of the population
worldwide (Insel, 2010; Javitt & Sweet, 2015). Mental
disability is closely associated with SZ due to protracted
course of the disorder, which brought heavy burdens to
society and families. It is commonly agreed that SZ is
strictly associatedwith changes of self (Sass, 2014; Zhang
et al., 2012). According to ipseity-disturbance model
(IDM) proposed by Sass (2014), SZ is fundamentally a
kind of self-disorder or ipseity-disturbance. The distor-
tion or instability of the self is composed of two aspects:
Hyper-reflexivity and diminishment of self-affection.
Hyper-reflexivity refers to a sort of exaggerated self-
consciousness in which normally background or tacit
phenomenabecome focal points of attention.Diminished
self-affection complements hyper-reflexivity and refers

to degradation in the experience of self as an agent or
effective subject of awareness (Hamm et al., 2018). IDM
also suggests that seemingly different symptoms can be
clear manifestations of the disturbed self (Nelson et al.,
2014; van der Weiden et al., 2015). This skewed sense of
self, which is linked to impairments of self-recognition
(Ferroni et al., 2019; Gallese & Ferri, 2014), have been
closely related to SZ pathophysiology and also seems to
be associated with deficits in multisensory integration
mechanisms (Ferroni et al., 2019).
For most people with SZ, self-disorder is elusive and

difficult to verbalize (Sandsten et al., 2019). Various
disturbances, such as altered stream of consciousness,
depersonalization, or warped self-boundary, typically
characterize this kind of disorder in phenomenological
observations. It also has been emphasized that pre-
psychotic disturbances to the self is a specific and con-
stitutive trait of this disorder (Sandsten et al., 2019).
Based on the phenomenologically-oriented observa-

tions, researchers have gradually adopted experimental
approaches to investigate self-disorders (Ferroni et al.,
2019; Sass, 2014; She et al., 2017). An important contri-
bution to this realm of research comes from the study of
self-recognition, which is the developmental basis for
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self-identity and of great significance to the structured
sense of self. Self-recognition has been mostly investi-
gated by the studies of self-face recognition using unim-
odal task and multisensory illusion test. For example,
some behavior studies applying visual search task, in
which participants were instructed to detect a target
(i.e., self-face) among distractors (i.e., distractor face
images) in sets of two, four or eight faces, have investi-
gated self-face recognition in vision domain. Results
have found that altered visual self-recognition in people
with SZ (Bortolon et al., 2016; Lee et al., 2007). Numer-
ous neurophysiological studies have also found abnor-
malities in anatomical structures and functional
activities related to face-processing (Lee et al., 2002;
She et al., 2017). Interestingly, the multisensory para-
digm of the enfacement illusion (EI) was introduced by
Tsakiris (2008) to show how multisensory clues could
affect self-face recognition (Ferroni et al., 2019; Sandsten
et al., 2019). EI is a subjective experience of perceiving
other’s face as self-face under synchronous interper-
sonal multisensory stimulation. EI effect is quantita-
tively evaluated by the performance on self-face
recognition arranged before and after the synchronous
multisensory stimulation. Although at present under
debate, people with SZ seem to show significantly
altered self-other discrimination in multisensory para-
digm of the EI, suggesting that deviations existed in
their facial self-recognition.
Crucially, self-recognition is not only related to face

but also to the voice, which represents a wealth of
socially-relevant information, including paralinguistic
clues to a speaker’s identity and emotion (Chhabra et al.,
2012). Deficits recognizing emotion from voice have
been widely described, but relatively little attention
has been given to investigating the ability to analyze
speaker identity in people with SZ (Chhabra et al., 2012;
Hoekert, et al., 2007). In a study byChhabra et al. (2012),
voice-discrimination was investigated based on acous-
tic characteristics, average fundamental frequency (F0),
and resonance (Df), related to voice-identity perception
(Baumann & Belin, 2010). In this study, participants
heardunfamiliar voices of two speakers saying the same
words in sequence, the participants were then
instructed to rate the degree of perceived identity sim-
ilarity on a seven-point rating scale ranging from very
similar (1) to very dissimilar (7). The results showed that
there was no significant difference in reliance on F0
between people with SZ and healthy controls in differ-
entiating voices, suggesting that the ability to discrim-
inate voice identity based on pitch clues may be
relatively preserved in people with SZ. On the other
hand, people with SZ were less dependent on Df to
differentiate voices. Different response patterns indi-
cated that there were some potentially important differ-
ences in voice-identity processing in SZ. Alba-Ferrara

et al. (2012) examined the recognition of famous voices
in people with SZ. The results showed that the people
with SZ obtained lower hit rates and showed lower
perceptual sensitivity in detecting famous voices.
Recently, a line of study extended the multisensory
integration procedure applied in the McGurk effect
paradigm to voice-recognition (Peynircio�glu et al.,
2017). The traditional McGurk effect firstly and mostly
demonstrated in the field of speech. This effect is
induced by the observation of motion picture uttering
a plosive such as /ga/ at the same time of auditory
perception hearing a different plosive such as /da/
(McGurk & MacDonald, 1976). Synchronous, but
mismatched, audio-visual stimulation between two
different syllables alters usual auditory perception, mis-
hearing it toward the visual stimulation. Interestingly, a
robust non-speech McGurk effect was also demon-
strated in gender identification. In the study by Peynir-
cio�glu et al. (2017), gender judgment in voice was
investigated, using voice timbre and visual gender
information. The results suggested that visual gender
information overrode the voice gender identification,
showing a robust non-speech McGurk effect.
Compared with visual self-recognition, relatively

little attention has been given to examining auditory
self-recognition. It is crucial to further investigate self-
recognition in auditory, which contributes to delineate
changes related to self and the potential roots of
the described psychopathological aspects connoting
SZ. Based on the above considerations, we decided to
investigate auditory self-recognition under unimodal
and bimodal circumstances. In the unimodal auditory
self-recognition task, we used the voice-recognition
paradigm that Alba-Ferrara et al. (2012) adopted. The
McGurk effect paradigm was applied to bimodal
self-recognition task. We hypothesized that people
with SZ would have altered auditory self-recognition
by being less sensitive to self-voice and hearing more
their own voices as the voices of others.

Method

Participants

Seventy-eight adults participated in this study. Forty-
six schizophrenic inpatients were recruited from Tian-
shui Psychiatric Hospital, Gansu Province, China. All
patients met the diagnostic criteria for SZ in the DSM–

IV, as determined by two experienced psychiatrists.
During the experiment, all patients received atypical
antipsychotic drugs and were a stable phase of recov-
ery. The exclusion criteria were (a) having received
electric shock treatment, (b) current drug abuse, (c) a
history of brain injury, (d) comorbid neurological
disorders, and (e) mental retardation. The clinical
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symptoms of SZ were evaluated using the Scale for the
Assessment of Positive Symptoms (SAPS) and the
Scale for the Assessment of Negative Symptoms
(SANS). Additionally, thirty-two adults were recruited
through advertisements to serve as healthy controls.
They did not suffer from mental illness and had no
family history of mental illness. All participants were
recruited between May 2019 and September 2019. The
people with SZ and healthy controls were matched in
age, gender and educational level. The groups’ demo-
graphic characteristics being compared using t tests
and chi-square tests, and the groups were statistically
equal. The specific demographic information was
shown in Table 1.
All participants had normal vision and hearing. After

description of the procedure, written informed consent
was obtained from all participants. They were compen-
sated with $3 for their participation. This study was
approved by the Institutional Review Board of Tianshui
PsychiatricHospital andNorthwestNormalUniversity.

Material

Firstly, themeaninglessmonosyllable “a”was chosen as
the auditory material. Secondly, each participant was
uniformly trained to utter this syllable with standard-
ized time, tone, loudness and rhythm. Finally, applying
theNikon–D7200 SLR camera to shoot video containing
the entire pronunciation at a speed of 60 frames per
second (1280 � 720 pixel resolution) before starting
the experiment. The camera was 70 cm away from the
participants during the shooting. The participants were
asked to lean back against the white background and
look directly at the camera in a neutral expression. After
hearing the “start” instruction, participants spoke with
clear lip movement. The pronunciation lasted about
1,700 ms, and then the natural end of the pronunciation
was expressed by body language with closed lips. The
participants’ vocal materials were also collected at the
same time as the video shooting, and the recording was
collected with an aigo–R8611 recorder.

GoldWave software was applied to standardize the
original audio materials. Audio tracks were opened
with GoldWave and digitized with 16-bit sampling
resolution and 44.1 kHz sampling rate, no adjustment
applied to acoustic parameters, such as fundamental
frequency and formant frequency, and the duration of
the audio was uniformly adjusted to 1,700 ms. The pro-
cessed audio was saved as stereo finally.
Adobe Premiere software was used to synthesize

dynamic face and voice material according to experi-
mental conditions. In synthesis, cancelling video sound-
track, and making the pronunciation of syllable
coincided with the articulation of dynamic face. An
unfamiliar other was randomly selected from video sets
that consisted of all participants, which matched the
self-face in age and gender. The synthesized videos
lasted about 1,700 ms. According to experimental con-
ditions, there were two types of videos: The partici-
pant’s own face and voice (Sface + Svoice), other’s face
combined with their own voice (Oface + Svoice).

Procedure

The experiment was conducted in a silent room. All
materials were presented on the computer using
E-prime 2.0 software. The participants sat 60 cm away
from the computer screen to complete two auditory self-
recognition tasks. Prior to the formal experiment, par-
ticipants carried out a practice experiment confirming
that they understood the instructions correctly.
Participants completed two separate blocks investi-

gating auditory self-recognition under unimodal and
bimodal circumstances respectively. The order of the
two blocks was balanced between participants and
therewas a 5min break between blocks. In the unimodal
auditory self-recognition task, participants were pre-
sented with two types of voice, self-voice and non-self
voice. A non-self voice was randomly selected from
voice sets that consisted of all participants’ voices,
which matched the self-voice in age and gender. There
were 60 trials in this task, 30 trials of which were self-

Table 1. Demographic Information

Schizophrenia patient
sample (N = 48)

Healthy control
sample (N = 32) t/χ2 p

Gender(male/female) 23/23 15/17 .07 .79
Age 32.65(8.89) 32.71(11.03) .00 .98
Education (year) 8.61(1.74) 9.07(4.86) .35 .56
Illness duration(year) 6.67(5.33)
SAPS 34.91(23.67)
SANS 28.98(21.16)
Drug use (mg) 479.40(230.60)

Note. The values in the brackets are standard deviations (SD); Antipsychotics drug use equivalent to Chlorpromazine dosage.
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voice. The order of voice presentation was random. In
each trial, afixed red crosswas presented in the center of
the screen for 500 ms, followed by a voice for 3,000
ms. When the voice was presented, participants were
required to judgewhether the voice presented was their
own or not quickly and accurately by pressing one of
two keys (half of the participants responded “self” by
pressing “J” with their right hand and “non-self” by
pressing “F”with left hand, the other half of the partic-
ipants responded “self” by pressing “F” on keyboard
with their left hand and “non-self” by pressing “J”with
right hand). An empty screen was presented as a buffer
for 500ms after a response was submitted by the key-
board and the next trial began automatically.
In the bimodal self-recognition task, participants

were presented with two types of videos, which were
combinations of self-face with self-voice and of other’s
face with self-voice respectively. For video type, combi-
nation of self-face with self-voice was matched, while
mismatched condition presented the combination of
other’s face with self-voice. The entire experiment con-
sisted of 60 trials, 30 trials of which were matched type
of video. Each trial began with a fixed red cross pre-
sented in the center of the screen for 500 ms. After the
fixation, randomly followed by a video for 3,000 ms,
participants were instructed to judge whether the
speaker’s voice in the video was themselves or not.
The participants quickly and accurately responded by
pressing one of two response keys (half of the partici-
pants responded “self” by pressing “J” with their right
hand and “non-self” by pressing “F”with left hand, the
other half of the participants responded “self” by press-
ing “F” on keyboard with their left hand and “non-self”
by pressing “J” with right hand). An empty screen was
presented for 500ms after a responsewasmade, and the
next trial began automatically.

Data analysis

Sensitivity (d’) and Response Bias (β) were analyzed as
indicators of auditory self-recognition performance. To
calculate the d’, P(H) (the hitting rate) and P(FA) (false
alarm rate) of each participant were calculated firstly,
then the corresponding Z-value was obtained by check-
ing the P-Z-O conversion table, and the d’was obtained
by d’= ZH–ZFA. The smaller the d’ is, the less the sensi-
tivity is. Similarly, to calculate the β, P(H) and P(FA) of
each participant were calculated, then the correspond-
ing O-value was obtained by checking the P-Z-O table,
and the βwas obtained by β =OH/OFA. β > 1, indicating
that the judgment criteria were strict.

Results

Independent t-test was performed separately to d’ and β
for unimodal auditory self-recognition. The results

showed that there were significant difference between
groups in d’, t(76) = 4.34, p < .01, people with SZ (M =
2.43, SD = 1.70) were significantly less sensitive to self-
voice than healthy controls (M = 3.80, SD = .66).
Response bias showed a pattern similar to sensitivity,
difference between groups in β approached significant, t
(76) = 1.90, p = .06, people with SZ (M = 2.62, SD = 3.24)
were more prudent than healthy controls (M = 1.41, SD
= 1.68) in self-voice decision making.
Table 2 showed the mean values of d’ and β for

auditory self-recognition in bimodal circumstances. A
2 (Group: Schizophrenia patient, healthy control) �
2 (video type: Matched, mismatched) mixed ANOVA
was performed on d’ and β respectively. The results of
the d’ showed a significant interaction effect of group �
video type, F(1, 76) = 14.22, p < .001, ŋ2 = .20. Post hoc
analysis confirmed that in the people with SZ, sensitiv-
ity to self-voice was significantly higher in the matched
thanmismatched type of video, F(1, 76) = 63.52, p < .001,
ŋ2 = .53. There was also a similar processing pattern for
the healthy control, in which the sensitivity of the
matchedwas significantly higher thanmismatched type
of video, F(1, 76) = 4.13, p = .05, ŋ2 = .07 (the result was
showed in Figure 1). Additionally, the result showed a
significant main effect of the video type, F(1, 76) = 46.38,
p< .001, ŋ2 = .45, participantsweremore sensitive to self-
voice in the combinations of self-face with self-voice
than of other’s face with self-voice. The main effect of
group was also significant, F(1, 76) = 39.37, p < .001,

Table 2. Descriptive Statistics of Two Groups in Bimodal Auditory
Self-recognition Task

Group Video type Md’(SD) Mβ(SD)

Schizophrenia
sample

(N = 48)

Sface+Svoice 1.81(.98) .88(1.45)

Oface+Svoice –.57(1.61) .99(1.77)
Healthy control

sample
(N = 32)

Sface+Svoice 2.64(1.20) 1.92(2.95)

Oface+Svoice 1.95(1.43) 2.48(3.39)

Figure 1. The Interaction Effect of Group � Video Type in d’
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ŋ2 = .41, the sensitivity of the peoplewith SZ to self-voice
was significantly lower than that of the healthy control.
The ANOVAs of the response bias showed a significant
main effect of the group, F(1, 76) = 5.40, p < .05, ŋ2 = .09,
and the main effect of the video type and the interaction
effect of group � video type were not significant,
F(1, 76) = 1.03, p = .32; F(1, 76) = .48, p = .49.

Discussion

The present study investigated the auditory self-
recognition in people with SZ. To achieve this goal,
the classical unimodal and bimodal voice-recognition
paradigms were applied to test the potential changes of
the auditory self. The result of unimodal showed that
auditory self-recognition in people with SZwas altered.
Specifically, the people with SZ seemed to have signif-
icantly lower perceptual sensitivity in detecting self-
voice than healthy controls, and also showed stricter
judgment criteria in self-voice decision. The result of
bimodal provided further evidence for altered auditory
self-recognition in peoplewith SZ. Interestingly,we also
found that in combinations of self-face with self-voice,
sensitivity to self-voice was significantly higher than of
other’s face with self-voice, especially in people with
SZ. This indicated that under the influence of other’s
face, people with SZ heard more their own voices as the
voices of others. Overall, these results confirm that
auditory self-recognition was altered in people with SZ.
Disturbances in the processing of visual self-

recognition are well studied in people with SZ
(Ferroni et al., 2019; Sandsten et al., 2019; She et al.,
2017), whereas relatively few studies have focused on
theprocessing of self in other domains, such as auditory.
On the one side, it was well-known that hearing one’s
own voice recording from an outside source may sound
dissimilar than hearing one’s voice internally (i.e., there
is distortion that occurs from bone conduction when
perceiving one’s own voice as it is produced during
normal speech) ( Hughes & Nicholson, 2010). We have
no well way to properly solve the current difficulties on
the basis of the current state of art. Furthermore, acous-
tic parameters relating to voice perception, such as fun-
damental frequency and formant frequency, must be
considered in auditory self-recognition. In this study,
we appliedGoldWave software to prevent these param-
eters from confusing auditory self-recognition. The
study of auditory self-recognition not only contributes
to delineate changes related to self in non-visual domain
but also provides further evidence for the notion that
potential roots of the pathophysiological aspects relat-
ing to SZ are self-disorder.
The study of unimodal auditory self-recognition

found significantly difference between groups with
regard to perceptual sensitivity in detecting self-voice.

Similar to other studies (Alba-Ferrara et al., 2012; Pin-
heiro et al., 2017; van derWeiden et al., 2015), the people
with SZ were less sensitive to their own voice. Impor-
tantly, we also found that people with SZ were more
prudent than healthy controls in self-voice decision
making. This may be a distinct feature of auditory
self-recognition in people with SZ. It is possible that
the people with SZ have a stronger self-defense mech-
anism in auditory. As mentioned above, hearing one’s
own voice recording from an outside source may sound
dissimilar than hearing one’s voice internally. The dis-
crepancies may result in mismatch between self-voice
presented currently and auditory self-image, which
activates the defensemechanism andmakes a defensive
negation to one’s own voice. Additionally, it is impor-
tant to note that, according to several fundamental
studies (Chhabra et al., 2012; Javitt & Sweet, 2015), the
perception of basically acoustic characteristics is
degraded in peoplewith SZ,which subsequentlymakes
it difficult to recognize the internal psychological fea-
tures such as emotion and identity carried by voice.
The results of bimodal confirmed the fact that altered

auditory self-recognition in peoplewith SZ.Additionally,
we also demonstrated that in combinations of self-face
with self-voice, sensitivity to self-voice was significantly
higher than of other’s face with self-voice, especially in
peoplewith SZ.This indicated that theprocessingof voice
ismore susceptible to the interference ofmismatched face.
It is the fact that auditory input lags behind visual input
(about 150 ms), visual content can predict the auditory
information (Arnal et al., 2009). When self-face combined
with self-voice, visual predictability promotes self-voice
recognition. If not, the error between face andvoicehavea
negative effect on the performance of anditory self-
recognition, and result in hearing more their own voices
combined with other’s face as the voices of others. Fur-
thermore, we can’t ignore the effect of psychotic symp-
toms/features in people with SZ, especially auditory
verbal hallucinations (AVH), on auditory self-
recognition. Previous studies have shown that AVH
might be one’s ownspeech. Theactivationof Broca’s area,
which canproduce, but doesnot listen to speech, has been
found in people with SZ having AVH (Asai et al., 2011).
Therefore, these people might produce speech, but not
think that it is they who actually spoke. As a result, they
may hear their own voices as the voices of others.
Some limitations of present study should be

highlighted. Firstly, recent studies have suggested that
healthy general population might experience the psy-
chotic symptoms (i.e., AVH like experiences), called schi-
zotypal personality, indicating a continuum of the
schizophrenia. The so-called schizotypal personality can
be measured by schizotypal personality questionnaire.
Only people with SZ in stable phase of recovery were
involved in this study, further studies should investigate
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whether changes in anditory self-recognition observed
from this study are a heritable endophenotypic marker
of SZ from the perspective of schizophrenia spectrum
disorder. Secondly, schizophrenia is a typical heteroge-
neousmental disorder. Various clinical subtypes, such as
the paranoid-type schizophrenia, who have prominent
positive symptoms, and the residual-type schizophrenia,
with predominant negative symptoms, need to be inves-
tigated respectively in further studies. Lastly, there are
differences between laboratory settings and actual envi-
ronment in auditory self-recognition, and the differences
should be considered.
In conclusion, we respectively investigated the audi-

tory self-recognition in people with SZ under unimodal
and bimodal circumstances. The results consistently
showed that auditory self-recognition in people with
SZ was altered. The present study extends the self-
recognition of SZ to the auditory domain, which con-
tributes to delineate changes related to self and the
potential roots of the described psychopathological
aspects connoting SZ.
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