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ABSTRACT

Introduction: Schizophrenia patients have cognitive issues, such as attention deficits. Cognitive activity controls the
micromechanics of cochlear outer hair cells (OHC). We integrated alternate auditory attention (ALAUDIN) tasks
and contralateral suppression of otoacoustic emissions (CSOAE) to measure OHC micromechanics. Materials and
methods: The ALAUDIN tasks’ reliability has been evaluated in ten normal-hearing ears. Then, 36 healthy controls
and 8 schizophrenia patients with normal auditory function has been included. The OAE amplitude was initially
measured with 60 dB peak SPL clicks in the test ear without contralateral suppressors (CS) and re-measured with four
types of CS, namely White Noise (CS1), White Noise + Attention Task | (CS2), White Noise + Attention Task Il (CS3)
and White Noise + Attention Task Il (CS4), delivered randomly to non-test ears at 75 dB SPL. Suppression is a pos-
itive difference in OAE amplitudes with and without CS. Statistical analysis included Bayesian independent sample
t-tests to compare suppression between groups and ears, as well as Bayesian repeated measures ANOVA to assess
differences in suppression among various stimuli for all groups. Results: Interclass correlation showed moderate to
high reliability across all CS. In the schizophrenia group, CS4 had the highest TEOAE suppression value. Suppression
in schizophrenia is larger than healthy control in all stimuli with CS1 and CS4 showing significantly greater suppres-
sion. Stimuli did not affect CSOAE across groups. Conclusion: Cognitive deficits in schizophrenia patients may be
objectively identified using the integrated ALAUDIN tasks-CSOAE. Their large suppression suggests dysconnectivity
among brain regions, resulting in hyperactivity of the efferent pathway.
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INTRODUCTION

Currently, there is a lack of an objective, quick, and
non-intrusive test for assessing cognitive abilities in
individuals with schizophrenia. Existing methods rely
on subjective measures, utilizing interviews and scores
from tests like the Brief Assessment of Cognition in

Schizophrenia (BACS) (1) or the MATRICS Consensus
Cognitive Battery (MCCB) (2) to identify cognitive
deficits specific to this population. While these tests are
effective for adults, they are not suitable for pediatric
use. Furthermore, subjective evaluations have inherent
limitations, including subjectivity, reliability concerns,
restricted observability, biases related to memory recall,
and influences from psychological and emotional
factors. Options, such as Magnetic Resonance Imaging
(MRI) scans, can reveal brain abnormalities but come
with a high cost (3). Consequently, the current study
highlights an innovative approach i.e., integrated
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ALAUDIN-CSOAE test, where ALAUDIN stands for
Alternate AUDItory AttentioN task and CSOAE stands
for Contralateral Suppression Otoacoustic Emission. Our
aim is to explore the potential of this test to objectively
differentiate individuals with cognitive deficits,
particularly among those diagnosed with schizophrenia.
Therefore, this will provide supplementary objective
evidence to complement the subjective assessments
frequently employed by mental health professionals.

Afferent and efferent auditory pathways make up the
human auditory system. Afferent or bottom-up auditory
pathways begin at the cochlea and travel ipsilaterally
and contralaterally towards the auditory cortex for
sound processing. The physiological responses of the
pathways can be examined using objective tests such as
early, middle and late latency-evoked potential tests (4).
In contrast, the efferent or top-down auditory pathways
travel ipsilaterally and contralaterally from auditory
cortices before their fibres end at the basal portion of
both cochlear OHC. Efferent pathways are comprised
of two parts: caudal and rostral sections (5). In the
caudal section, electrical signals are transmitted from
the superior olivary complex (SOC) to the ipsilateral
cochlea and partially cross over to the contralateral
cochlea outer hair cell OHC (6). In contrast, the rostral is
relatively more complicated than the caudal section. A
rostral efferent section involves nerve fibres that originate
from the auditory cortex, synapse with the ipsilateral
and contralateral SOC (7) and finally innervate the
basal portion of OHC in both cochlear. Therefore, the
current beliefs are auditory-related activities in auditory
cortices can indirectly influence the micromechanics of
cochlear OHC (8). The active communication between
brain regions, including the prefrontal lobe and auditory
cortices, could influence OHC micromechanics,
particularly during activities such as auditory attention.
However, due to its complex anatomical structure and
neuronal network, the role of the rostral section is less
understood and hence, requires further investigation.
It is important to note that auditory efferent cross-over
pathways assist auditory stimulation of one ear to have
an impact on the micromechanics contralateral OHC
(9). Indirectly, the intactness of the efferent auditory
pathway can be measured using CSOAE. In contrast to
the afferent pathway test, this test cannot pinpoint the
location of a lesion. Nevertheless, it provides valuable
information about the efferent pathway when stimulation
occurs.

In normal individuals, activation of the auditory cortex
activates the efferent pathway, which will modify the
cochlea’s micromechanics. It has been demonstrated
that electrical stimulation (9) and auditory selective
attention can change the micromechanics of the OHC
through activation of the auditory cortex (10). CSOAE
can be used to measure changes in OHC and hence
assess the intactness of auditory efferent pathways
(11). It is necessary to record the amplitude of OAEs

separately in the absence and presence of contralateral
stimulation (12). A contralateral stimulus reduces
the amplitude of OAE in an intact auditory pathway.
Generally, contralateral suppression is defined as
positive differences in OAE amplitude measured in
quiet and noise (13). The normal range of contralateral
suppression has been reported to range from 1.0 to 3.0
dB when white noise is used as a stimulus (14). The
white noise used in the CSOAE routine, however, is
believed to activate only the caudal section while the
rostral section is believed to be activated by auditory
attention tasks (15).

In general, the auditory cortex is responsible for
processing auditory information, while the prefrontal
cortex is responsible for cognitive functions such as
auditory attention. The auditory and prefrontal cortex
communicate dynamically with each other, either
directly or indirectly (16, 17). Therefore, auditory signals
received by the auditory cortex through the afferent
pathway are also delivered to the prefrontal cortex for
processing concerning these auditory signals. Likewise,
information from the prefrontal cortex is believed to be
conveyed back to the auditory cortex (18). As a result,
auditory information processing is associated with the
normal function of the prefrontal cortex, especially
when auditory attention is engaged. (19). A well-
known fact is that schizophrenia patients tend to have
cognitive, specifically attentional deficits. The theory of
dysconnectivity suggested that dysconnectivity between
brain regions may result in hyperactivity or hypoactivity
in certain regions of the brain (20). Thus, itis believed that
dysfunction of the prefrontal cortex influences activity
in the auditory cortex, which in turn impacts efferent
pathways and the OHC. In schizophrenia patients, the
disconnectivity among brain regions, i.e. pre-frontal
lobe and auditory cortex, causes the auditory cortex
to function abnormally (16,17) and leads to auditory
hallucinations (14,15). Schizophrenia patients show
high CSOAE values compared to normal people due to
hyperactivity in the efferent pathway, particularly the
automatic function of the auditory cortex (21). A study
also reported that there was no significant difference
in CSOAE value between schizophrenia patients and
normal people (22). Therefore, the current study aims
to determine the effects of cognitive deficits on efferent
pathways. To investigate the impact of cognitive deficits
among schizophrenia patients, the current study uses
more challenging tasks that require subjects to alternately
focus on various categories of targeted auditory stimuli.
Thus, the study introduces an innovative approach
with the ALAUDIN-CSOAE method. This technique
combines a unique component, using a combination of
white noise with the addition of an auditory attention
task as a contralateral suppressor.

Prior studies have highlighted that employing white noise
as a suppressor, a common technique in Contralateral
Suppression Otoacoustic Emission (CSOAE),
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predominantly triggers minimal activation of the efferent
pathway (23). Furthermore, previous study has employed
the detection of incremental or decremental intensity of
white noise as an auditory attention task (24). In contrast,
the current study innovatively incorporates an auditory
attention task featuring various sounds, including speech
and tones. This approach aims to induce selective
attention, activating the auditory cortex and stimulating
the rostral efferent part to achieve maximum suppression.
In this experimental setup, specifically transient evoked
otoacoustic emission (TEAOE), is recorded on the
contralateral ear when the stimulus is administered using
two distinct devices. To the best of our knowledge, there
is currently no CSOAE tool available that allows for
customizable stimuli. As the cognitive deficits observed,
especially in attention, substantial differences in CSOAE
are anticipated between schizophrenia patients and
normal subjects. It is important to note that this study
serves as a preliminary investigation to assess the
appropriateness of the integrated test in both normal and
schizophrenia groups. The accuracy and effectiveness
of this novel approach was very limited. However,
if the results demonstrate a significant difference in
CSOAE values between normal individuals and those
with schizophrenia, it could pave the way for future
applications. This method could potentially be utilized
as a supporting test to distinguish other pathological
groups with cognitive deficits, such as individuals with
attention deficit hyperactivity disorders (ADHD).

MATERIALS AND METHODS

Subjects

The study involved 41 subjects aged between 20 and 57
years old. Out of the total subjects, 7 (5 males; 2 females)
were schizophrenia patients aged between 20-57 years
old (mean: 32.71, SD=15.35) recruited from psychiatry
clinic Universiti Kebangsaan Malaysia Medical Centre
(UKMMQ). The study strictly includes patients diagnosed
with schizophrenia based on DSM-V. Other diagnoses
were excluded. At the time of assessment, all patients
were currently on the second-generation antipsychotics.
Among the patients, three reported experiences of verbal
auditory hallucination (VAH) during the past two weeks,
including the day of the evaluation. 34 healthy subjects
(19 males; 15 females) aged between 20-43 years old
(mean=24.97, SD=6.18) participated in this study. All
schizophrenia patients were ensured clinically stable
based on medical reports and interview sessions with
psychiatrists. It was reported that neither of them had
difficulty understanding conversations in a quiet or noisy
environment. In addition, none of them reported having
ear disorders, tinnitus, or having been exposed to noise
for a long period. A total of 82 ears were examined,
including 34 right and 34 left ears of healthy subjects
and 7 right and 7 left ears of schizophrenia patients.
Ethical approval has been obtained from the Human
Ethics Committee of UKM (JEP-2022-068).

Standard clinical testing

The participants underwent standard clinical testing,
including an otoscopic examination, tympanometry,
acoustic stapedial reflex (ASR) test, pure tone audiometry
(PTA), and transient otoacoustic emission (TEOAE). An
otoscopic examination was performed to ensure that the
ear canal was clear, and the tympanic membrane was
intact. To rule out middle ear pathologies, tympanometry
and ASR were performed using the IMP440 DIAGNOS.
An absence of middle ear pathologies is defined by
a type A tympanogram. Additionally, the subjects
passed the screening ASR tests at 500 Hz, 1000 Hz,
and 2000 Hz for ipsilateral dan contralateral reflexes.
The hearing screening was conducted using an AC 40
clinical audiometer with a 25 dB cut-off point for all
frequencies tested (250 Hz, 500 Hz, 1000 Hz, 2000 Hz,
3000 Hz, 4000 Hz, 6000 Hz, and 8000 Hz). Subjects
were considered to have passed if they responded at
least two times at the cut-off point across all frequencies
assessed. The TEOAEs were recorded using a computer
based TEOAE analyzer (ILOv6) connected to an
OTODYNAMICS Echoport. The stimulus parameters
were set at 80 dB of clicks with 260 sweeps, and the
noise rejection level was set at six and non-linear.
A total of five frequency bands were recorded: 1000,
1414, 2000, 2828, and 4000 Hz. It was found that all
subjects had otoacoustic emission dB SNR are 3 dB and
above at all frequencies tested as suggested (25, 26). The
standard clinical testing took approximately half an hour
session.

Contralateral stimuli of TEOAEs

Instrumentations and materials. Same as routine TEOAE,
a computer based TEOAE analyser (ILOv6) connected
to the OTODYNAMICS ECHOPORT was used to
determine the magnitude of TEOAE suppression in the
test ear. The stimulus parameters were set at 60 dB of
clicks with 260 sweeps, and the noise rejection level
was set at six. The stimulus was set at linear to maintain
test-retest reliability (27). A multi-track audio editor and
recorder for computers, Audacity version 3.2.1 was used
to record, edit and develop the contralateral stimuli.
Then, the stimuli were converted to an mp3 file and were
installed in mp3 player and laptop. The contralateral
stimulus was administered to the non-test ear using the
SONY NWZ-B183F Walkman equipped with a Built-in
USB. The stimuli then were calibrated with a Sound Pro
1/3 Octave S/N BFL120002 sound level meter bound
with a 2cc coupler to achieve targeted intensity. The
contralateral stimuli consist of:

1) Stimulus 1 (WN only)

1-minute calibrated 75 dB SPL of white noise.

2)  Stimulus 2 (WN + auditory attention task 1)
1-minute of calibrated 75 dB SPL white noise
accompanied by 19 times of calibrated 74 dB SPL of
1000 Hz tone. The highest and lowest time interval
between the tones is 5.4s and 0.9s, respectively.

3)  Stimulus 3 (WN + auditory attention task 2)
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1-minute duration of calibrated 75 dB SPL white noise
embedded randomly with 11 speech (6 animals and
5 transports). The speech was calibrated to 74 dB SPL
average. The time interval between the speeches was
fixed at 5.4s. All speech used were 2 syllables.

4)  Stimulus 4 (WN + auditory attention task 3)
1-minute duration of calibrated 75 dB SPL white noise
embedded randomly with 11 speech (6 letters and
5 numbers). The speech was calibrated to 74 dB SPL
average. The time interval between the speeches was
fixed at 5.4s.

5)  Stimulus 5 (WN + auditory attention task 4)
1-minute calibrated 75 dB SPL of white noise embedded
with 4 times calibrated 74 dB SPL of 1000 Hz tone with
duration 0.1s followed by 7 speeches (4 animals and 3
transports) that were randomly arranged. The speeches
were calibrated to 74 dB SPL average. The time interval
between the signals was fixed to 5.4s. All speech used
were 2 syllables.

6)  Stimulus 6 (WN + auditory attention task 5)
1-minute calibrated 75 dB SPL of white noise embedded
with 4 times calibrated 74 dB SPL of 1000 Hz tone with
duration 0.1s followed by 7 speeches (4 letters and 3
numbers) that were randomly arranged. The speeches
were calibrated to 74 dB SPL average. The time interval
between the signals was fixed to 5.4s.

Procedure

Before the CSOAE measurement, each subject must
undergo standard clinical testing to ensure that
their hearing system is functioning normally. We
utilized a total of six contralateral stimuli during the
CSOAE measurement. The subjects were asked to sit
comfortably, relax, and close their eyes during the test
to minimize visual stimulation. The tester randomized
the order of presentation of the six stimuli to each
subject to reduce order effects bias. There are several
conditions and tasks to be followed and performed by
the subject for each stimulus: 1. S1: The subjects were
not instructed to do anything other than remain awake
during the test. 2. S2: The subjects were instructed to
focus on the tone and count the number of times it was
played. 3. S3: The subjects were required to listen and
calculate the number of animals and transport that were
played during the test. 4. S4: The subjects were required
to listen and calculate the number of letters and numbers
that were played during the test. 5. S5: The subjects
were required to listen and calculate the tone, animals
and transport played during test 6. S6: The subjects were
required to listen and calculate the tone, letters and
numbers played during the test. Contralateral stimuli
were simultaneously delivered to the contralateral ear
while measuring the TEOAE amplitude in the tested ear.
The presentation of the stimuli was randomized between
the two ears. The suppression value was determined by
comparing the amplitudes of TEOAEs recorded from the
tested ear without and with stimulus presentation to the
opposite ear (12). Results were obtained at frequencies
of 1000 Hz, 1414 Hz, 2000 Hz, 2828 Hz and 4000

Hz. To obtain test-retest reliability in the healthy control
group, the recordings were repeated three times. A time-
break of three minutes was also provided between each
ear of the subjects. To ensure the reliability of the study,
subjects sat in the same chair during the break without
adjusting the position of the probe. TEOAE recordings
were conducted in one session and the data were
analyzed descriptively.

Statistical analysis

All input data were analyzed in Jeffreys’s Amazing
Statistics Program (JASP) version 0.17.2.1 for the
Windows operating system. As a small sample size of
schizophrenia patients, the current study carried out the
Bayesian statistic as it was recommended when the data
has a small sample size (28). Descriptive analyses were
done to measure the frequency and percentage of the
data. Test-retest reliability was measured using classical
intraclass correlation. A Bayesian independent sample
t-test was carried out to measure different suppression
between the right and left ear for all stimuli and groups.
A Bayesian repeated measure ANOVA was carried out to
measure the difference suppression of TEOAEs between
using different contralateral stimuli.

RESULTS

Test-retest reliability of Integrated ALAUDIN-CSOAE
There was a normal distribution of data, as suggested
by Shapiro-Wilk (p > 0.05). Fig. 1 shows ICC values
for both ears based on CSOAE values. Study results
show moderate to excellent test-retest reliability, with
stimulus 4 on the right ear having the highest ICC value
of 0.962, indicating excellent test-retest reliability. The
lowest ICC values reported for stimuli 4 and 5 on the
left ear are -1.339 and -0.166, respectively, indicating
poor test-retest reliability. The variability in results
may be attributed to either technical issues or inherent
characteristics of the contralateral suppressor component.
It's plausible that the nature of this component
contributed to inconsistencies in the outcomes. Further
exploration into potential technical refinements or a
deeper understanding of the contralateral suppressor’s
properties could shed light on the observed variations
and enhance the reliability of the results. To maintain
test-retest reliability, CSOAE was only sustained for 4
out of 6 stimuli, eliminating stimulus 4 and 5 for the
next phase, the study on schizophrenia patients. Then,
stimulus 6 in the pilot study was set as stimulus 4 in the
next phase.

Effect of ear on integrated ALAUDIN-CSOAE

Stimulus 4 provides the greatest suppression in the left
ear while stimulus 1 for the right ear in the schizophrenia
group. In the normal healthy group, stimulus 1 gives
the highest suppression for both ears, The result of the
Bayesian independent sample t-test in healthy control is
shown in Fig. 2 (A). The results revealed BF  values less
than 1 (i.e., BF,, =0.291-0.751), indicating that the null

49 Mal ] Med Health Sci 20(SUPP8): 46-53, Oct 2024



hypothesis was in favor. In other words, the ear does
not affect predicting the CSOAE value with anecdotal
evidence in stimulus 1 (BF10 =0.436), stimulus 2 (BF,
=0.751) and 6 (BF,, =0.426) while moderate evidence
in stimulus 3 (BF, =0.291). The result of the Bayesian
independent sample t-test in the schizophrenia group
is shown in Fig. 2 (B). The results also revealed BF,,
values less than 1 (i.e., BF, = 0.446-0.492), indicating
that the null hypothesis was in favor. Additionally, the
ear does not affect predicting the CSOAE value with
anecdotal evidence in stimulus 1 (BF, =0.465), stimulus
2 (BF,,=0.446), stimulus 3 (BF10=0.492) and stimulus
4 (BF,=0.487). Expected no significant difference
suppression values between left and right ear across
stimulus in each group, allowing data to be combined.

Effect of stimulus and group on integrated ALAUDIN-
CSOAE

Fig. 3(A) showed the Bayesian independent sample t-test
for all stimuli. The result of stimulus 2 and 3 showed
BF,, values less than 1 (i.e., BF /= 0.222 and 0.458),
indicating that the null hypothesis was in favor, while
stimulus 1 and 4 showed BF,  values more than 1 (i.e.,
BF,, = 43.05 and 43.13), indicating that the alternative
hypothesis was in favor. In other words, group
difference can predict the CSOAE value with very strong
evidence in stimulus 1 (BF, =43.049) and stimulus 4
(BF,,=43.131). Fig. 3 (B) shows the difference in mean
TEOAE suppression obtained with different contralateral
stimuli in both groups. Among healthy control subjects,
stimulus 1 gave the greatest suppression, while stimulus
3 gave the smallest suppression. In the schizophrenia
group, stimulus 4 gives the greatest suppression while
stimulus 3 gives the smallest suppression. Bayesian
repeated measures ANOVA demonstrated BF, values
less than 1 (i.e., BF , = 0.222 and 0.458), indicating
that the null hypothesis was in favor. Its mean type of
contralateral stimulus does not affect predicting the
CSOAE value with moderate evidence for both groups.

Stimulus 6

1CC Value

0.5

& Right

= Left

Figure 1: Intraclass correlation coefficient (ICC) value of Integrated
ALAUDIN-CSOAE for right and left ear (n=10)

*ICC values are based on the average of 3 recordings with single
probe insertion. The ICC is a value between 0 and 1, where values
below 0.5 indicate poor reliability, between 0.5 and 0.75 moderate
reliability, between 0.75 and 0.9 good reliability, and any value above
0.9 indicates excellent reliability.
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Figure 2: Comparison of mean suppression between left and right ear
for all contralateral stimulus for the healthy control group (A) and
schizophrenia group (B)

* BF,, value represents the ratio of H, to H , which represents how
much more likely is H, in the Bayesian Independent sample t-test.
BF,, values more than 1 are dominant to H, while below than 1 are
dominant to H.
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Figure 3: Comparison of mean suppression between healthy control
and schizophrenia group for all contralateral stimulus used (A) and
comparison of mean suppression between contralateral stimulus
used in each group (B)

* BF,, value represents the ratio of H, to H , which represents how
much more likely is H, in the Bayesian Independent sample t-test.
BF,, value represents the ratio of H, to HO and represents how much
more likely is H, in Bayesian repeated measure ANOVA.

DISCUSSION

The current study measured the test-retest reliability
of Integrated ALAUDIN-CSOAE in a healthy control
group. Overall, this study demonstrated test-retest
reliability results, almost as previous studies did (29).
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The recording was conducted through a single-probe
measurement, involving three repetitions within the
same session for enhanced precision and reliability. A
moderate level of test-retest reliability was observed
for stimulus 1, as suggested in routine assessments
(30). Except for stimulus 4 and 5 for the left ear, those
stimuli will be used in subsequent phases. Considering
that ALAUDIN tasks do not lower CSOAE’s ability,
this study supports their use as contralateral stimuli.
Contralateral stimuli 4 and 5 are not suitable for use in
the CSOAE test for the left ear. To maintain test-retest
reliability, the study has also eliminated stimulus 4 and
5 for moving to the next phase. In the recording process,
all precautions are taken to reduce error and bias, such
as minimizing subject movement and randomizing
stimulus presentation. Additionally, all recordings are
done with a single probe insertion (without reinsert/
adjustment) while multiple probe-insertion also did not
change the result significantly (12, 31). The study is only
able to provide an opinion based on the reliability results
for stimulus 4 and 5. This may be a direct result of the
stimulus components used in the study. The issue needs
to be further investigated to gain a better understanding.
Despite this, the study would like to emphasize that
ALAUDIN-CSOAE integration in a healthy control group
is reliable.

Across contralateral stimuli used in both groups, there
were no significant differences in OAE suppression
between the left and right ears. The findings of
this study are contrary to those of previous studies,
especially in schizophrenia patients. There is evidence
that schizophrenia patients demonstrated greater
suppression in the right ear than in the left ear, due to
neuropsychological dysconnectivity in the brain (7, 32).
There is an inability of corollary discharge to suppress
the activities of the left auditory cortex, which could lead
to stimulation of efferent pathways (33). The majority of
schizophrenia patients in this study did not experience
VAH. Dysconnectivity influences the cross-over of
efferent auditory pathways (20), disrupting information
to contralateral OHCs. Thus, OAE suppression differs
significantly between ears. As in normal people,
schizophrenia patients who did not experience VAH
slowly returned to function normally, especially in
efferent auditory pathways. A comparison between two
groups of schizophrenia patients will likely reveal more
information. Nonetheless, a previous study found that
in normal people there is a lateral difference in the ear
while in patients with schizophrenia, there is no lateral
difference in the ear (33). Further research is needed
to understand the relationship between the laterality
of the ear and the suppression of OAE, especially in
schizophrenia.

Furthermore, the current study found that the ALAUDIN
task enhances the magnitude suppression of OAE in
both groups tested by influencing the auditory efferent
pathway. This study confirms the findings of (34) which

were conducted on normal groups. Attending and
focusing on a sound presented in one ear reduces the
ability of the opposite ear to listen. The differences
in suppression between the different stimuli showed
no statistical significance in both groups. However,
descriptively, there wasa higherlevel of suppressioninthe
condition with the ALAUDIN task than in the condition
without. While the ERP test showed increasing difficulty,
the suppression changes of OAE were not significantly
different (23). These findings are probably influenced
by the subjects’ mature memories, as observed in this
study. This task contains words commonly used in the
community. The listening process did not require the
subject to go beyond the identification stage, possibly
due to this ability. Therefore, further studies are needed
to determine how auditory tasks affect OAE suppression,
particularly when subjects reach the comprehension
stage of listening to the task.

Moreover, the current study demonstrated a greater
magnitude of TEOAE suppression among schizophrenia
patients compared to the HC group across all stimuli.
However, only stimulus 1 and 4 showed a significant
difference. According to the hyperactivity theory,
schizophrenia patients exhibit higher OAE suppression
than normal subjects due to hyperactivity in the
auditory cortex (21). Dysconnectivity theory describes
how the auditory cortex becomes active automatically,
leading to hyperactivity in that area and reducing the
micromechanics of OHC. Combined with the elevated
complexity of stimulus 6, itis inclined to optimally engage
the auditory cortex. The interplay of dysconnectivity and
task difficulty appears to induce increased stiffness in the
outer hair cells (OHC), leading to higher suppression.
As a result, schizophrenia patients exhibit significantly
higher suppression values compared to healthy control
groups. This study, however, is unable to conclude the
effect of dysconnectivity on CSOAE due to the mix of
schizophrenia patients with and without experiencing
VAH since dysconnectivity is more prevalent in those
with VAH than in those without. To provide stronger
evidence, it is necessary to increase the sample size
for each group to do the comparison. The study also
emphasizes that the integrated ALAUDIN-CSOAE
shows significant differences between normal people
and schizophrenia patients. It seems likely that this test
can be used to detect cognitive problems in groups.
Nonetheless, this research is in its infancy. Specifically,
further investigation should be conducted to determine
how accurate this test is at detecting cognitive deficits.

CONCLUSION

From an audiological standpoint, disruptions in auditory
processing among individuals with schizophrenia may
be linked to cognitive function abnormalities. Cognitive
deficits in schizophrenia patients appear to impact the
values of Contralateral Suppression of Otoacoustic
Emissions (CSOAE). Consequently, the present study
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suggests that an Integrated ALAUDIN-CSOAE test could
serve as a valuable adjunct to existing assessments for
detecting cognitive deficits. Nevertheless, it is essential
to acknowledge certain limitations in this study, such
as the necessity for a more extensive sample size
of schizophrenia patients. Additionally, optimizing
equipment by integrating contralateral suppressors
and OAE recording into a single device, rather than
utilizing two separate devices, could enhance the
study’s efficacy. Despite these constraints, this research
lays a crucial groundwork for further exploration. Future
investigations are warranted to validate the accuracy
of the Integrated ALAUDIN-CSOAE test in identifying
cognitive deficits in individuals with schizophrenia.
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