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Abstract
Background and Aim: Speech-auditory brainstem response (ABR) as a new test in the field
of auditory electrophysiology, examines the
auditory processing of stimuli with complex
acoustic structures at the subcortical level. In
recent years, speech-ABR has been administered to patients with various hearing impairments and people with special auditory skills.
Results of these studies are of great interest to
researchers in the fields of cognitive and auditory neurosciences. In this study, because of the
increasing use of this test, a review of the studies carried out on the origin of this response
and the proposed protocols to stimulate, record,
and analyze this electrophysiological response
are presented.
Recent Findings: The most common stimulus
parameters used in the published articles was
/da/ stimulus in 40 ms duration and 60-85 dB
SPL intensity with the use of alternative polarity
and rate of about 10 stimuli per second. The
verified and widely-used acquisition parameters
include using vertical electrode array with 6000
sweeps and a 30-3000 Hz filtering in a 60-70 ms
time window.
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Conclusion: In determining the stimulus-record
parameters of the speech-ABR test, in addition
to considering the necessary minimums, the
final values should always be selected based on
the objectives and the study group. The unique
features of this test for diagnosis and monitoring
of auditory processing at supra-threshold levels,
calls for comprehensive studies to formulate
guidelines for the application of this test in auditory clinics but the basic points mentioned in
this paper should be considered in the selection
of each parameter.
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Introduction
Electrophysiological studies of the brainstem
through recording and review of auditory brainstem response (ABR) have been conducted
since the early 1970s and widely used in various
areas such as assessment of auditory thresholds
estimation and neurological examination at the
brainstem level [1]. Among the main reasons for
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the clinicalization of this electrophysiologic test,
experts point to its non-invasiveness, reproducibility, sensitivity, and specificity in determining some neurological disorders as well as its
frequency characteristic with the use of toneburst stimuli. The stimuli that are used to record
the ABR are generally in the form of click or
tone-burst. Click stimulus according to its characteristics (transient nature and stimulated frequency range) provides the best recording waveform with acceptable morphology and transient
responses at the brainstem level within 1 to 10
ms range after the stimulus, which increases in
some cases such as infants. However, two sets
of transient and sustained responses can be
defined in terms of time dependence on the
stimulus at the brainstem level. The first case
is evoked by transient stimuli and the second
is due to the periodic pattern in the stimuli.
Therefore, in the conventional ABR recording
with click stimuli, only the transient responses
of the auditory brainstem nuclei are recorded.
On the other hand, the conventional ABR recording with a click and even tone-burst is unable to test the ability of the hearing system in
real-world interactions with speech and musical
stimuli that require both transient responses and
sustained ones [2].
In 1980, the earliest studies of hearing-related
neuroscience were published on the use of complex and speech stimuli in evaluating brainstem
responses [3]. These responses showed speech
stimuli encoded with the preservation of the initial signal characteristics at the brainstem level,
which confirmed by converting the recorded
neural signals to the equivalent input audio signals [4]. The exact imitation of the stimuli is
also present in early auditory responses, including cochlear microphonic (CM) [5]. Given that
brainstem responses, stimulated with speech,
have a delay of about 6 ms after providing an
acoustic stimulus, we will certainly face the frequency following response (FFR), and the response cannot be CM because it cannot be recorded simultaneously with the trigger [4,6].
These brainstem-evoked responses to speech,
musical, or non-speech spectrally and temporally designed stimuli are called complex-
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auditory brainstem response (C-ABR). Since the
focus of many studies was on single-syllabic
speech structures (as short time speech stimuli
which are capable of inducing transient and sustained auditory responses at the brainstem level)
[7-9], the present article generally uses the name
“Speech-evoked auditory brainstem response”
or simply speech-ABR for this response.
The speech-ABR is an important objective and
non-invasive test in identifying the role of brainstem nuclei like inferior colliculus (IC) which
is an important nucleus with extensive communication with auditory and non-auditory centers
and also the center of neural interactions of the
afferent and efferent auditory pathways [10].
Thus many studies have been conducted on neurological applications of this test. The speechABR test is an objective test with speech stimuli
in different languages [11-13] that allows the
examination of the afferent-efferent auditory
processes on speech stimuli at different levels of
the brainstem. In addition, it can have a special
place in the examination of abilities and impairments of auditory processes. People with problems of auditory processing in various disorders
(such as autism, learning disorders, auditory
processing disorder, and stutter) show abnormalities in this test. On the other end of the
spectrum, people with special auditory experience and skills (like musicians, bilinguals and
multi-linguals) also show the temporal and or
spectral processing advantages over normal
people without these special auditory skills.
Various studies have used speech-ABR as an
electrophysiological test to confirm the results
of behavioral tests of speech perception in noise
and the role of subcortical structures in speech
processing in the presence of noise. SpeechABR has been recorded with reduced amplitude,
increased latency of waves, and poor fundamental frequency (F0) representation in people
with poor speech perception in noise [14-16].
The effects of sensorineural hearing loss are
more pronounced by increasing latency of initiating and transient parts of the response and
lower changes reported in the FFR part [17].
However, patients with (central) auditory processing disorder changes in the onset, the
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consonant-vowel (CV) transition and the sustained part have suggested the possibility that
this test can be used to diagnose and monitor
the rehabilitation outcomes of the patients with
central auditory processing disorder [18,19].
Other groups that are characterized by a variety
of speech and auditory processing disorders
in which speech-ABR can detect the differences
in their responses compare to the normal group
are reading disorders and dyslexia [20,21], stuttering [22,23], and autism patients [24,25].
Musicians, bilinguals, and multilinguals are
among the groups with auditory special skills,
each has specific characteristics in the auditory
response of the brainstem to speech stimuli
or non-verbal sophisticated stimuli like music
ones. Research has shown better harmonics representation, lower latency of the onset waves,
phase locking at high frequencies, higher F0
amplitude, especially in musicians and rehabilitated individuals with musical exercises compared to control groups (the type of music, age,
and duration of rehabilitation affect outcomes)
[19,26-28]. Better F0 representation and better
wave’s morphology compare to monolinguals
were reported in bilingual and multilingual people, because they need a more accurate representation of F0 to identify and categorize the
sounds of an audio object in different languages.
These groups show the functional superiority in
the presence of noise compared to monolinguals
that show stronger cortical to subcortical level
connections in bilinguals and multilinguals [29].
It seems that linguistic experiences, through
downstream paths affect processes of auditory
upward or afferent pathway [30,31]. Based on
these properties of speech-ABR and in general
complex-ABR in displaying a specific pattern in
response to speech stimuli in individuals with
special disorders or groups with special auditory
experiences, it is referred to the neural signature
of each person, which represents the sum of his
or her auditory experiences and abilities [32].
Given the potential of the speech-ABR test and
lack of generic stimulation and recording
guidelines for it, this study reviews the different
stimuli and recording parameters used in the
published articles in this field. In this study, we
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try to determine the necessary criteria for selecting the stimulus parameters (such as stimulus
type, duration, polarity and rate), the recording
parameters (such as the number and method of
electrode array, number of sweeps, filtration and
time window), and finally the most used one
that provide us appropriate morphology and
repeatability is expressed.
Methods
In this review article, studies, books and other
resources available on the Google Scholar,
the US National Library of Medicine and the
National Institute of Health (PubMed), Science
Direct, Medline, and SID search engines, which
are relevant to this research keywords in accordance with the Medical Subject Headings
(MeSh) published from 2000 to 2018 (with the
exception of the few articles related to the discovery response history) were chosen. Of 355
sources found, in the first step, duplicates were
removed (including 19 articles), and after the
initial study of the abstracts of 336 remaining
items, 60 ones related to the application and
stimulation-recording speech-ABR domains and
or related to one of the subtitles considered for
our review article were chosen. History related
resources were added and attempts were made
to have a comprehensive look at published studies in the areas related to the stimulation, recording, and interpretation of the speech-ABR
test.
Speech-ABR origins
In the response of the brainstem to CV speech
stimuli, like /da/, following the conventional
ABR waves and after the V peak of speechABR, which appears to be in line with the clickABR peak V [33], a negative trough called A
is seen about 6 to 10 ms after the start of
the stimulus, indicating the participation of
rostral brainstem centers in the response. Thereafter, a negative C wave is seen indicating the
consonant to the vowel transmitting portion in
the stimulus and the beginning of the sustained
or periodic section of the response to the vowel.
D, E, and F peaks occur in response to the
stimulus periodic section that follows the
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Fig.1. Different parts of the auditory brainstem response evoked by speech /da/ stimulus.

stimulus pattern, and F0 and harmonics are studied with respect to these waves. Finally, the
O wave is recorded as a transient response to the
offset of the stimulus [34] (Fig. 1).
In various disorders and different test conditions
(like silent recording and recording in noise),
transient and periodic responses show changes
in different manners, so it seems that there are
different sources of transient and periodic parts
of speech-ABR. For example, recording response in the presence of background noise, mostly
affects the latency and amplitude of transient
response segments, and the FFR or periodic part
of the response is not affected by noise indicating the difference in the function of the centers of transient and periodic responses or, in
other words, show the difference in two-part
origin of speech-ABR [33-35].
Concerning the origin of the transient and onset
parts of speech-ABR, as the latency of the onset
section of speech-ABR is about 5 up to 10 ms, it
seems that this part of the response originates
from brainstem areas like IC [33]. In the case of
the periodic section or FFR, due to the latency
of this part compared to CM and the disappearance of FFR despite CM preservation in the
lesions of the upper brainstem parts like IC, no
cochlear origin is suspected for it. On the other
hand, because of the much higher latency and
amplitude of cortical responses in comparison
with the FFR and maintaining the FFR response
in sleep conditions despite the removal or reduction of cortical responses, the cortical origin is
not considered for the FFR section. This response origin is affected by various centers with
phase locking properties at the brainstem level
such as cochlear nucleus (CN), superior olivary
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complex (SOC), and IC. According to Chandrasekaran and Kraus study in 2010, FFR amplitude is mostly related to the role of IC [33].
Regarding transmitted information to the IC
through the direct path of the CN to the contralateral IC from the lateral lemniscus (LL) path
and the ipsilateral path from CN to SOC, LL,
and eventually, the IC, the footprint of other
brainstem nuclei can be found in the production
of the speech-ABR FFR part. However, because
of the missing frequency recording in the vertical electrode array, the importance of rostral
brainstem nuclei such as IC and LL would
be more prominent in creating the FFR part in
speech-ABR, because the contribution of lower
brainstem nuclei like CN, generally, is more
obvious in the horizontal electrode arrangement
so that the missing frequency in the FFR record
is not observed in this array [4]. By studying all
information about the origin of this response, it
seems that IC and rostral levels of brainstem are
the most involved parts in producing this response.
In the following overview, first, we will have a
general look at the characteristics of the trigger
stimulus, the parameters of the record, and then
on how to analyze this response.
Stimulus parameters
Each electrophysiological response for general
application and the feasibility of comparing
the results of various related studies call for
a specific guideline and the same stimulusframeworks, which follows the stimulatory
parameters used in various studies. Also, the
most used or accepted values for each parameter
is mentioned at the end of the relevant section.

http://avr.tums.ac.ir

Moossavi et al.

According to published studies on the optimal
values of some parameters in general use, we
still need comprehensive studies that will be
mentioned in the relevant sections. Prior to discussing the issues of duration, intensity, polarity, rate, and how to deliver stimulus in a monaural or binaural mode, we will refer to the
physical bases and speech-stimulating structure
that is capable of stimulating transient and
sustained responses at the brainstem level.
Stimulus type
According to published studies in speech-ABR,
the least stimulus that can stimulate transient
and sustained parts of the brainstem level
responses (as well as being the representative of
everyday speech) are one-syllable speech stimuli in the form of a CV, such as /da/, /ga/, and
/ba/. As with the auditory responses of the
brainstem with clicks and tone-bursts stimuli,
the faster the rising time and the wider the
frequency spectrum of used stimuli will result in
the wider activity of the cochlea and the auditory nerve fibers so it can create a better response with greater amplitude and shorter latency. Among the speech consonants, explosive
consonants such as /d/, /g/ and /b/ are the best
options for the onset transient part of the response. Of course, these three different stimuli
due to their differences in F2 and F3 create variations in the final parameters of the response,
especially peaks latencies, which indicates the
distinction between these stimuli at the level of
the brainstem [36]. The most commonly used
stimulus is /da/ because the response from the
initial transition section of this consonant is
similar to the familiar pattern of auditory response to the click stimulus, and its sustained
part (the vowel) is also similar to the FFR
response that creates with a tonal stimulus. On
the other hand, the /da/ syllable is one of the
most familiar syllables with similar production
in the different languages, which is used in the
study of subjects with different languages and
showed no significant clinical difference [1113]. The use of explosion consonants are due to
their transient and less energy, which makes
it difficult to diagnose and distinguish it in
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auditory challenging conditions such as speech
perception in noise and in patients with auditory
processing disorders, which makes the stimulus
more difficult [37] and yields more clinical benefits in diagnosing and monitoring the effects of
rehabilitation. In the case of FFR, due to the
phase locking mechanism in the structures of
the brainstem, it is possible to record a response
up to a frequency of 1500 Hz, which represents
low frequencies and sustained parts of speech
and musical stimuli at subcortical levels. In
speech production, F0 is the result of the vocal
cords vibration during the passage of air between them, because of the asymmetry of the
opening and closing of the vocal cords (closing
of the cords is much slower than their opening)
which is not completely sinusoid and is generally triangular or sawing teeth make frequencies of 80 to 400 Hz along with the harmonics
resulting from the resonances generated in the
production path. Therefore, in the stimulus design for the recording of speech-ABR response,
it is best to use F0 of about 80-300 Hz, which is
representative of speech in the real world and in
the range of phase locking performance at the
brainstem level that allows the acceptable recording of the FFR section [38].
Stimulus duration
Like other electrophysiological responses, the
stimulus duration in the speech-ABR test also
applies the effects of the stimulus type (consonant, CV, selective vowel), the frequency of
the stimulus (low-frequency stimuli need longer
stimulation time than high-frequency stimuli),
the stimuli intervals, and the response time window. Various studies using CV stimulus lasted
40 ms [39], 170 ms [40], and 350 ms [41],
depending on the purpose of the study, the
target group, and the time needed to record and
analyze the response. Each CV has a unique
frequency transition which leads to its identification and differentiation and the vowel's
stable section seems to play a minor role in
understanding or differentiating [38]. Therefore,
in the speech-ABR test, which requires the
subject's passive collaboration and reasonable
time for clinical application, it is possible to
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minimize the vowel's sustained time. The duration of about 40 ms can be a selective choice for
general use that has been used in many studies,
too [11,23,42,43].
Stimulus intensity
Considering that the speech-ABR is designed to
investigate the responses of the rostral brainstem in processing speech stimuli, this test is
performed at suprathreshold levels (60 to 85 dB
SPL). Although the increase in stimulus intensity generally increases the amplitude and decreases the latency due to the increase in the
participating neural fibers, the changes are not
consistent with the increase in intensity in the
transient and sustained part. According to the
published reports, changes in stimulus intensity
have clearer effects on the sustained section or
FFR. For every 10 dB increase, there will be 1.4
ms latency reduction in the sustained part of the
response, while the transient part changes in
response to the stimulus intensity are more
trivial (0.6 dB reduction per 10 dB increase in
intensity) [44]. These results suggest different
neural processing for the transient and sustained
part of the speech-ABR response [38,44].
The usual clinical intensity for /da/ stimulus
suggested in the speech-ABR test of evoked
potential assessment systems, such as the Intelligence Hearing System (HIS, USA) and Biological Navigator Pro from Natus Medical,
USA, is generally about 80 dB SPL. If we use
different intensities according to the objectives
of the special study, the new norm of the result
will be obtained in proportion to the intensity
used.
Stimulus polarity
In addition to the polarity changes which occur
after transducer's output at different parts of the
auditory system and cause ambiguity about the
effect of polarity on the final response in all of
the auditory evoked responses [5] on the speech
stimuli used in speech-ABR studies, it has been
shown that the application of various rarefaction, condensation, or alternate polarities does
not significantly change the latency of the transient and sustained parts. However, the use of
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stimulus with the alternating polarity decreases
the amplitude of the response, especially in the
high-frequency spectral part of the response. On
the other hand, considering the advantages of
using alternating polarity, such as artifact reduction, noise reduction of the field and also removing CM, it is suggested that the response to
individual polarities be recorded in the form of
single polarity and then by adding or subtracting
them, the best answer is obtained [38,45].
The most common polarity used for speechABR at present is alternative one, but it should
be noted that in using stimulation with rarefaction or condensation polarity, the norms obtained with alternate polarity or vice versa cannot
be used [45]. In general, polarity should be considered depending on the used system and the
polarity used for the normalization with that
system.
Stimulus presentation rate
The stimulation rate depends on the duration
of the stimulus and the time intervals between
the stimuli to complete the response to the
initial stimulus, return to the baseline, and start
the response to the next stimulus. Increasing
stimulation rates has the greatest impact on
the amplitude and latency of transient responses
[5,6] while its effects on the sustained part
are minor. This finding again suggests the
existence of different neurological resources for
the two parts of the response [46]. A distinct
difference between the determinations of the
stimulation rate in the conventional ABR to the
speech-ABR lies in the required stimulus duration.
This time is almost invisible for the click but in
the case of speech stimuli, this time is much
longer to record the appropriate response and
the longer stimulus intervals to prevent the combination of the response of the two stimulants
needed in speech-ABR [38]. Thus, the stimulation rate of about 10 stimuli per second is used
in general, which like other auditory-evoked
responses the numbers of about 10.3, 10.9, or
11.1 have been selected in previous studies,
according to the urban frequency (50 or 60 Hz)
[11,38,43].
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Stimulated ear and binaural interaction
component
In general, binaural stimulation with respect
to monaural stimulates is more stable and has
higher amplitude responses because of binaural
accumulation and increased intensity [11,38].
Considering that the speech-ABR test is designed to investigate brainstem functions in the
processing of speech stimuli in everyday life
and in general, binaural hearing is involved
in the process of the auditory signal, it seems
that binaural stimulation can better simulate
real-life auditory processing. However, in monaural processing, different studies have not
reported a significant difference between the
left and right ear stimulation, so no noticeable
side effect in speech stimulus processing at the
brainstem level has been reported [11]. Some
others considered slightly shorter latency in
right ear stimulation due to the superiority of
the right ear in the processing of speech stimuli
and emphasized the use of distinct norms for
clinical application in stimulating each ear
[38,47]. Regarding the recording of the binaural
interaction component in the speech-ABR test
[48], the recording and comparison of monaural
and binaural conditions can have a diagnostic
value in binaural interaction disorders, which
requires more studies and access to norms in
this area.
Stimulus transducer
Providing speech stimulation to record brainstem response is possible through a variety of
transducers such as headphones, inserts, and
even speakers. However, due to the benefits of
insert earphones in increasing interaural attenuation, reducing peripheral noise, and minimizing
artifacts, the use of this transducer was the
first choice and offer of studies on speech-ABR
[26,30,36,42]. Some exceptions should be considered such as hearing aid or cochlear implant
users and hard to test groups, which use of
insert earphones is impossible and by applying
time corrections for the transducer to the ear and
doing the necessary calibrations, other alternatives such as speakers or headphones are used
depending on the research method [48].
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Acquisition parameters
The next question for the application of an
electrophysiologic response is how to determine
the appropriate acquisition or recording parameters for various purposes and applications. In
this section, an overview of the speech-ABR
record parameters used in various studies and
common values along with the advantages and
disadvantages of selecting each of the parameters are discussed.
Electrode montage
The speech-ABR similar to traditional ABRs
can be recorded in single- or multi-channel
mode. The common method used in singlechannel three-electrode recordings is the use of
vertical array with conventional placement for
negative, positive, and common electrodes on
pinna or ear mastoid of the stimulate side, Cz
or the upper part of the forehead (FPz) and
the pinna or mastoid of contralateral ear, respectively [46,49,50]. The change in each of the
electrode positions leads to changes in the morphology, amplitude, and latency of the recorded
waves due to the location of the sources that
produce this response so it needs to be compared with the normal values obtained with the
same arrangement.
State of arousal and attention
Contrary to the conventional ABR recording in
sleep and even under anesthesia (in newborns
and hard test groups), there is no general agreement between researchers in this area for recording the speech-ABR in sleep. Sleep or anesthesia can reduce muscle artifacts and increase
the signal-to-noise ratio. However, according to
studies on the effects of auditory experiences
and auditory processing capabilities on speechABR results, some of these effects on brainstem
structure are probably due to the association of
cortical centers with subcortical levels through
the efferent pathways. Despite the significance
and clinical use of speech-ABR to display the
mentioned differences in the record of this test
in sleep or anesthesia, and reports of some
researchers on its recording in sleep [50,51],
there is no consensus in this matter. Many
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studies have performed the test under the inactive subject's co-operation in waking without
any attention or performance by the subject, in
which they display silent films in order to keep
the person awake and make the same test
condition in different participants [11,14,52,53].
At the other end of this spectrum, according to
fMRI confirmation of the effects of attention on
the performance of subcortical structures [54],
some speech-ABR studies have been recorded
in attentive people [41]. According to the purpose of the study, it seems that different attention situations can be used but in general due
to the relatively short duration of this test and
the involvement of auditory experiences in responding to speech stimuli, inactive subject cooperation is advisable.
Time window
Given the pre-excitation time to estimate the
baseline EEG amplitude, the total response time
for the speech stimulus, including the transient,
sustained, and consonant to vowel transition
sections along with the conventional stimulation
time, would be the time span of at least 60 to 70
ms as the preferred option in general studies
[23,43,55]. Time window requires adjustments
in the event of a change in the other parameters
of the stimulus.
Sweeps number
The main criterion for determining the number
of sweeps for all the evoked responses is to
achieve a proper signal-to-noise ratio, and even
for the conventional ABR a specific amount is
not specified [5]. Sweep number is variable
depending on the response amplitude, ambient
noise level, physiological noise amplitude, and
other subject and test conditions.
In the studies of Northwestern University as one
of the important centers for speech-ABR evaluation in various test groups, 4000 to 6000 sets
of sweeps were proposed to obtain a suitable
signal-to-noise ratio. In order to optimize the
signal-to-noise ratio, adding two 3000-sweep
records with identical recording conditions for
achieving the final response curve of 6000
sweeps was considered [38].
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Filtering
Another approach to improve the signal-to-noise
ratio and obtaining optimal response without
any artifacts of other centers is the use of appropriate filtering. In the case of speech-ABR for
generating high-frequency transient peaks with
low-frequency parts of the response, similar to
the conventional click-ABR, 100-3000 Hz [38]
filter or in conditions that are more conservative, 30-3000 Hz filter is used [56]. However, in
a few studies, depending on the used stimulus,
the study method and goals, other filter settings
such as 0.1 to 1000 Hz have also been used
[57], but currently, they have less prevalent in
the clinical settings.
Analysis and interpretation of speech-ABR
As mentioned before, brainstem auditory responses to speech stimuli have transient and
sustained parts associated with stimuli that
proved a stimulus representation in brainstem
structures. A response to the common speech
stimulus such as /da/, consists of the initial V
peak and the first trough A. Then the trough C
in the frequency transition region of the
stimulus followed by the FFR peaks, including
peaks or troughs D, E and F. Ultimately the O
peak appears that is transient and refers to offset
response (Fig. 1).
In examining the transient peaks associated with
the onset, sustained and offset sections, we use
common criteria such as amplitude and latency.
After accurate determination of the peaks, in
addition to studies on the absolute amplitude
and latencies of the waves, it is possible to
consider the peak-to-peak criteria. The most
widely-used criteria in clinical use are the absolute latency and amplitude of the waves plus
the slope between the V and A peak, which has
shown its diagnostic value in various disorders
such as learning disorders [23,58,59].
In the case of the sustained section, methods
such as determination of root mean square
(RMS(, cross-correlation, and auto-correlation
are used to examine the overall amplitude, to
determine the signal-to-noise ratio, to determine
the overall morphology and the similarity of the
response to stimulation signal, and to determine
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Fig. 2. A sample of scoring and reporting form of speech-ABR recorded by an auditory evoked
potential system (Biologic-Navigator Pro, Natus, USA) the AEP system.

the repeat patterns such as the F0 and time
envelope, respectively. Another method used in
the frequency domain is the Fourier analysis
to verify the accuracy and amplitude of the
neural phase dependence at a specific frequency
or at a specific frequency set. The basis for
using fast Fourier transform (FFT) is determining the frequencies in a complex stimulus and
the amplitude of each at each time point of the
final response. Many evaluations of this section
are used outside of the auditory evoked potential
(AEP) system and are transmitted to analytical
software such as MATLAB, using code written
to process a response to a defined stimulus.
In clinical applications for the normal interpretation or abnormal response obtained in speechABR, at least 5 criteria, including V wave latency, A wave latency, VA slope, mean amplitude of first formant frequencies and mean response at higher frequencies (proportional to the
stimulus) are determined. Then the location of
each of these five criteria within the normal range or outside of this range is determined, separately. Finally, each of these criteria is awarded a
score that generally represents the response in
the form of a number, and this number is compared with the range of normal values for that
particular age group (Fig. 2). This is the pre-determined method used for speech-ABR analysis
in the Biologic-Navigator Pro system (Natus
Medical Inc.) and this analysis uses its own
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system stimulation and recording conditions. In
the event of a change in stimulus or in each of
the recording conditions, it is not possible to
compare the results with the normal values of
the system and the transient and sustained response evaluations should be performed separately and compared with the normal values
appropriate to the stimulus used and the subject
characteristics.
About the characteristics of the subject, the factors such as age [60], hearing loss [17], and
even gender [61,62] or race [49], which can
cause significant differences in results should be
considered.
Conclusion
The speech-ABR test as a part of auditoryevoked responses to complex stimuli is a new
and uncharted area among auditory electrophysiological tests. In recent years, due to the
unique ability of this test to display auditory
processes and plasticity changes at the brainstem level, it has been of great interest to
researchers in the fields of speech-auditory
neuroscience and cognitive sciences. Because of
the response complexity of the processing, especially the sustained part or its FFR part, a comprehensive clinical application has not been reported yet. However, the results of studies conducted in groups with special auditory skills and
groups with auditory processing impairments
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have been proven the ability of this test as a
unique neural signature for displaying the
auditory experiences and capabilities.
With regard to these functional capabilities, the
guidelines for determining the correct stimulation and recording parameters and key features
of speech-ABR analysis were pointed out in this
review article. However, as mentioned before, it
seems that for general use of this test and the
universality of this assessment method and its
response analysis, more studies with assessment
of more subjects in different societies are necessary to provide general guidelines for this test
application like other clinical electrophysiological tests.
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