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Abstract
Objectives  Even though many patients undergoing auditory steady-state response (ASSR) testing have some degree of 
hearing loss, some have normal hearing and ASSR often overestimates the behavioral thresholds in this group. In most 
commercial ASSR systems such as Chartr EP, a default correction factor is applied to compensate for this difference. Little 
is known, however, as how the correction factor compensates for the difference between ASSR and pure tone audiometry 
(PTA) thresholds as a function of carrier or modulation frequency (MF) in a commercial ASSR system. Our goal is to evalu-
ate this relationship.
Methods  Twenty-four normal hearing adults were examined for both PTA and ASSR (Chartr EP system, GN Otometrics). 
ASSR thresholds were obtained at three MFs (20, 40, and 80 Hz). The difference scores were obtained by subtracting PTA 
from ASSR thresholds at each frequency for each subject. The corrected ASSR thresholds, then, were compared with the 
PTA thresholds across MFs and carrier frequencies.
Results  The default correction factors in the ASSR equipment differed significantly from the difference scores at all MFs 
and carrier frequencies (n = 24, p < 0.005). The correlation between corrected ASSR and PTA thresholds at most MFs and 
carrier frequencies were medium to poor.
Conclusions  At most MFs and carrier frequencies, the default correction factors defined by the manufacturer do not com-
pensate for the difference between ASSR and PTA thresholds in normal hearing adults. The use of the default correction 
factors in Chartr EP system for the normal hearing adults needs special considerations.

Keywords  Auditory steady-state response (ASSR) · Pure tone audiometry (PTA) · Correction factor · Difference score · 
Normal hearing adults

Introduction

Pure tone audiometry (PTA) has long been considered as the 
gold standard for hearing evaluation. However, in several 
types of patients with normal hearing including those with 
developmental/neurological disabilities, in pediatric groups, 
and among patients who have nonorganic hearing loss, valid 
PTA results are difficult to obtain [1]. Other objective tests 
of auditory function, such as auditory brainstem response 

(ABR) and otoacoustic emissions (OAEs), have been ben-
eficial in identifying hearing thresholds for such patients [2, 
3]. While these techniques offer useful alternatives to PTA, 
they also present limitations such as difficulty in obtaining 
frequency-specific information in ABR [4] and dealing with 
the complicated relationship between the type of hearing 
loss and OAEs [5]. These limitations led audiologists to con-
sider another objective audiometry technique, the auditory 
steady-state responses (ASSRs) [6].

ASSR is evoked brain responses to continuous modulated 
pure tones with different carrier frequencies, usually octave 
frequencies of 500–4000 Hz [7]. Since ASSR is an objective 
test and can lead to frequency-specific hearing evaluation, it 
has been considered as a good alternative test for screening 
and diagnosis of hearing problems, especially in patients 
who are unable or unwilling to participate in subjective hear-
ing evaluations [8]. Even though many patients undergoing 
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ASSR testing have some degree of hearing loss, some have 
normal hearing. Thus, it is critical that those subjects are 
also correctly diagnosed.

Despite the broad use of ASSR, its relationship with PTA 
thresholds is complex. This is in part, due to several fac-
tors such as hearing thresholds, type and degree of hearing 
loss, the tested modulation frequencies (MFs) and carrier 
frequencies that affect the relationship between ASSR and 
PTA [8, 9]. For example, a study by Ozdek et al. [10] shows 
that correlation between hearing thresholds obtained using 
ASSR and PTA in normal hearing adults is weaker than 
subjects with sensory-neural hearing loss (SNHL) [10]. 
Meanwhile, ASSR has been found to be a more accurate 
prediction of hearing thresholds in SNHL group compared 
to normal hearing adults [11, 12]. This has even been sup-
ported by more recent studies using other types of stimuli 
such as E-chirps [13, 14], where despite improvement in 
prediction of hearing thresholds using these stimuli, still 
ASSR is a less accurate predictor of hearing thresholds in 
normal hearing subjects.

To compensate for the difference between ASSR and 
PTA in commercial systems, a correction factor1 is often 
proposed based on carrier frequencies by the manufac-
turer. Surprisingly, despite the possible effect of MF on the 
obtained ASSR thresholds, these correction factors are simi-
larly defined for all MFs. On the other hand, several studies 
targeted relationship between ASSR and PTA [11, 12, 15, 
16], but no studies were found to investigate this relationship 
based on MF in a commercial system. For example, a study 
by Petitot et al. [9] using a noncommercial system (Rotman 
MASTER Research system), suggest that 40 Hz is a better 
MF for estimating hearing thresholds [9]. However, it is not 
clear whether the results of that study could be generalized 
to commercial systems and clinical testing conditions as the 
recording algorithms are not similar.

As the ultimate purpose of research on such techniques 
is to improve their application for clinical applications, 
research on the accuracy of hearing evaluation using com-
mercial ASSR systems will inform the research and industry 
community for improving the application of these systems 
for clinical purposes.

In the current study by obtaining binaural multiple ASSR 
thresholds at various carrier frequencies and MFs using a 
commercial ASSR system, we investigated the relation-
ship between ASSR and PTA thresholds. After measur-
ing PTA and ASSR thresholds at four octave frequencies 
and three MFs, the recommended correction factors by the 
ASSR acquisition system were compared with the obtained 

difference between ASSR and PTA at each MF and carrier 
frequency.

Methods

Ethical considerations

The study was approved by the local ethics committee (Ethic 
no: BP-QP-110–01) at Tehran University of Medical Sci-
ences and informed consent was obtained from each subject.

Subjects

Twenty-four normal hearing adults (15 females and 9 males, 
25–40 years old) with hearing thresholds at or better than 
20 dBHL at 6 octave frequencies: 250, 500, 1000, 2000, 
4000, and 8000 Hz participated in this study. Participants 
with abnormal findings in otoscopy (e.g., tympanic mem-
brane perforation, middle ear effusion), abnormal middle ear 
measurements or acoustic reflexes2 were excluded from the 
study. PTA thresholds were obtained using TDH39 earphone 
with AC40 system (Interacoustics, Denmark). All tests were 
performed in an acoustic sound-proof booth. Both electro-
physiological ASSR and PTA thresholds were measured 
using Hughson–Westlake method (10 down, 5 up) [17].

ASSR

Air-conducted stimuli were introduced into each ear 
through an ER-3A insert earphone (Etymotic Research). 
Stimuli were generated and presented by the Chartr EP 
system (version 5.3, GN Otometrics) and presented to 
right and left ear simultaneously. All the stimuli were 
100% amplitude modulated (AM) and 20% frequency 
modulated as well. Response confidence was set to 95%. 
The response confidence is a measure of signal to noise 
ratio and the chance of finding a response. When a good 
signal-to-noise ratio by the response confidence bar ≥ 95% 
was obtained, the test was extended so that the threshold 
could be obtained. The response confidence in this system 
is based on an algorithm of magnitude-squared coherence 
(MSC) to detect the probability of response presence rela-
tive to surrounding noise [18]. Four carrier frequencies: 
500, 1000, 2000, and 4000 Hz were tested using multi-
ple ASSR technique. As a result, at each MF, four carrier 
frequencies were tested simultaneously in both ears. For 
testing ASSRs at different MFs, the following modula-
tion rates are predefined by the manufacturer as the set-up 

1  Correction factors are measured based on the difference between 
ASSR and PTA thresholds in subjects with a wide age and hearing 
range.

2  Static compliance less than 0.3 or more than 1.6 cc and middle ear 
pressure less than -100 or more than + 50 dapa.



2173European Archives of Oto-Rhino-Laryngology (2019) 276:2171–2180	

1 3

for performing daily ASSR test: modulation rates for the 
40 Hz MF stimuli in multiple ASSR are 39, 43, 47, and 
51 Hz for 500, 1000, 2000, and 4000 Hz carrier frequen-
cies in the right ear and 41, 45, 49, and 53 Hz for the left 
ear, respectively. For 80 Hz MF stimuli, modulation rates 
are 84, 88, 92, and 96 Hz for the right and 86, 90, 94, and 
98 Hz for the left ear, respectively. Finally, for the same 
carrier frequencies, modulation rates for 20 Hz MF are 24, 
31, 33, and 26 Hz for the right and 29, 27, 30, and 23 Hz 
for the left ear. Modulation rates for the 20 Hz MF ASSR 
were chosen based upon previous work [19] indicating 
that the modulation rates for different carrier frequencies 
may be separated by as little as 4 Hz without affecting 
the response. The range of tested intensities was between 
10- and 80-dB HL.

During each session, subjects relaxed in a supine posi-
tion on a comfortable bed. Participants were asked to sleep 
or relax during 80 Hz multiple ASSR testing. As 20 and 
40 Hz ASSR responses are more related to thalamus and 
cortical auditory areas in the brain, they are affected by 
sleep [20]. Thus, during 40 and 20 Hz multiple ASSR, 
participants were not allowed to sleep.

Responses were recorded via three scalp electrodes: 
the active electrode was placed on the upper forehead and 
the ground electrode on the lower forehead. The reference 
electrode was placed on the nape. The impedance of the 
electrodes was periodically checked during recordings to 
maintain low impedance and good connection (less than 
3 KΩ). To minimize any artifacts and noise due to head 
and body  movements, participants were asked to stay 
still during recording.

All statistical analysis were performed using IBM SPSS 
Statistics version 24. Multiple comparisons were adjusted 
using Bonferroni correction. All graphs were prepared 
using Microsoft Excel 2016.

Results

Estimation of thresholds

The mean PTA and ASSR thresholds for 24 normal hear-
ing participants are summarized in Table 1. ASSR thresh-
olds were obtained at MFs of 20, 40, and 80 Hz. The PTA 
thresholds were corrected to dB sound pressure level 
(SPL) based on ANSI S3.6-1996 standard. The majority of 
ASSR thresholds at all MFs ranged between 30- and 60-dB 
SPL. Among all MFs, 40 Hz resulted in the least variabil-
ity in the obtained thresholds across all carrier frequencies 
(n = 24 subjects; SD40Hz = 5.88–9.77, SD80Hz = 4.64–10.41, 
SD20Hz = 8.83–13.98). Further, compared to 20 Hz and 
80  Hz MFs, 40  Hz MF yielded better (lower) thresh-
olds at 500 and 1000 Hz carrier frequencies (40 Hz MF: 
n = 24; M500Hz = 36.67 dB; SD = 7.02; M1000Hz = 34.6 dB; 
SD = 7.02; 20  Hz MF: n = 24; M500Hz = 47.92  dB; 
SD = 11.02; M1000Hz = 42.5 dB; SD = 10.73; 80 Hz MF: 
n = 24; M500Hz = 40.83 dB; SD = 6.5; M1000Hz = 38.75 dB; 
SD = 7.4). However, when comparing thresholds across 
all MFs at 2000 Hz and 4000 Hz, better thresholds were 
observed at 80 Hz MF. At all times, the average thresholds 
at 20 Hz were worse (i.e., higher) than the other two MFs 
(see Table 1).

To determine how well the default correction factors 
in ASSR system compensate for the differences between 
ASSR and PTA thresholds, we first subtracted PTA from 
ASSR thresholds to obtain difference scores [16]. The 
average difference scores based on ear, carrier frequen-
cies, and MFs are shown in Table 2. Based on our data, 
at all carrier frequencies, the largest difference scores are 
measured at 20 Hz MF. Figure 1 depicts the averaged right 
and left ear difference scores based on carrier frequencies 

Table 1   Mean values (mean), 
standard deviation (SD) and 
range (range) of pure tone 
audiometry (PTA) and auditory 
steady-state response (ASSR) 
thresholds in normal hearing 
adults (dB SPL), n = 24 
subjects, R: Right, L: Left

Frequency (Hz) 500 1000 2000 4000

Ear R L R L R L R L

PTA  Mean 14.54 14.96 11.37 12.21 11.71 13.17 11.92 12.75
 SD 3.45 3.89 3.98 4.54 4.66 4.81 5.69 5.76
 Range 6–21 11–21 7–21 7–22 4–29 9–24 1–24 4–24

20 Hz ASSR  Mean 47.92 47.5 42.5 47.08 43.75 45.42 52.08 54.58
 SD 11.025 12.247 10.734 13.981 10.959 11.788 8.836 8.836
 Range 30–60 30–60 30–60 30–60 30–60 30–60 30–60 30–60

40 Hz ASSR  Mean 36.67 39.17 34.58 36.67 38.33 34.58 35.42 34.58
 SD 7.020 7.173 5.882 9.631 9.168 7.79 9.771 7.79
 Range 30–50 30–50 30–50 30–60 30–60 30–50 30–60 30–60

80 Hz ASSR  Mean 40.83 41.25 38.75 36.25 35.83 33.75 37.08 32.92
 SD 6.539 7.974 7.409 6.469 8.297 7.109 10.417 4.643
 Range 30–50 30–60 30–60 30–50 30–60 30–60 30–60 30–40
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and MFs in an audiogram. The largest difference scores 
and standard deviations at 20  Hz MF are noticeable 
here. At 40 Hz, the difference score is more consistent 
across all carrier frequencies (see Table 2 for detailed 
statistics). The smallest difference between ASSR and 
PTA thresholds was observed in left ear at 80 Hz MF for 
2000 and 4000 Hz (M2000Hz = 20.58 dB, SD2000Hz = 6.06; 
M4000Hz = 20.17 dB, SD4000Hz = 6.54), whereas 40HZ ASSR 

resulted in the smallest difference scores in the right ear 
at 500 and 1000 Hz (M500Hz = 22.12 dB, SD500Hz = 6.39; 
M1000Hz = 23.21 dB, SD1000Hz = 5.61).

To examine how well the default correction factors 
by ASSR system compensate for the difference between 
ASSR and PTA thresholds, we applied the correction fac-
tors to the obtained ASSR thresholds and then, used paired 
t test to compare the corrected ASSR thresholds with PTA 

Table 2   Difference scores for 20, 40, and 80 Hz modulation frequen-
cies (MFs) calculated at 500, 1000, 2000, and 4000 Hz for right (R) 
and left (L) ear. Difference scores were measured by subtracting 
pure tone audiometry (PTA) thresholds from auditory steady-state 

response (ASSR) thresholds (dBSPL) for each carrier frequency, at 
each MF for each ear. The ASSR recording equipment’s default cor-
rection factor at each carrier frequency is displayed at the lower row 
of the table

500 Hz 1000 Hz 2000 Hz 4000 Hz

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Ear R L R L R L R L

Difference 
score

 20 Hz 33.38 ± 9.13 32.54 ± 12.20 31.13 ± 8.95 34.88 ± 12.23 32.04 ± 10.1 32.25 ± 12.53 40.17 ± 10.49 41.83 ± 11.00
 40 Hz 22.12 ± 6.39 24.21 ± 6.83 23.21 ± 5.61 24.46 ± 9.02 26.63 ± 8.88 21.42 ± 9.65 23.5 ± 8.34 21.83 ± 7.75
 80 Hz 26.29 ± 6.25 26.29 ± 8.47 27.29 ± 6.48 24.04 ± 6.91 24.13 ± 8.45 20.58 ± 6.06 25.17 ± 9.85 20.17 ± 6.54

Correction factors 20 20 10 10

Fig. 1   The average pure tone audiometry (PTA) and auditory steady-
state response (ASSR) thresholds for a 20 Hz, b 40 Hz, and c 80 Hz 
modulation frequencies (MFs) measured at 500, 1000, 2000, and 
4000  Hz. Error bars represent standard deviations for each repre-

sented threshold. The tested MF is shown in a box at up right corner 
of the figure. The average PTA thresholds are replotted in each audio-
gram and is similar for all the panels (n = 24 subjects)
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thresholds for each subject. This test showed a significant 
difference for all comparisons across all MFs for both right 
and left ear (n = 24, for all comparisons p < 0.0005, for the 
detailed statistics see Table 3). Figure 2 shows the box-
plots for PTA and corrected ASSR thresholds based on MF 
for each ear. As it is shown in Fig. 2, at 40 Hz, an overlap 
between the distribution of the interquartile range (the dis-
tribution between the first and third quartile) of corrected 
ASSR and PTA thresholds at 500 Hz is noticeable. This is 
the only frequency where the difference between corrected 
ASSR and PTA thresholds is not significant (t(23) = 1.63, 
p = 0.117). At no other carrier frequencies and MFs, this 
overlap exists. The median of the distribution of thresholds 
between corrected ASSR and PTA thresholds do not match 
(Fig. 2). This suggests that the distribution of the corrected 
ASSR thresholds based on the default correction factors 
only minimally overlaps with the distribution of behavioral 
thresholds in the two ears. 

Correlation coefficient

A Pearson product-moment correlation coefficient was 
computed to assess the relationship between PTA and cor-
rected ASSR thresholds for all subjects. The scatterplots for 
these correlations and the average trendlines for each car-
rier frequencies and MFs are shown in Fig. 3. At 40 Hz MF 
positive correlation was found between ASSR and PTA at 
most frequencies in the right ear (r = 0.41, 0.40, and 0.52 for 
500 HZ, 1000 Hz, and 4000 Hz, respectively; see Table 4 
for the detailed statistics). The strongest correlation between 
ASSR and PTA thresholds was seen at 20HZ (r = 0.59 and 
0.65, for 500 Hz and 1000 Hz, respectively, for both com-
parisons p > 0.05). The correlation between ASSR and PTA 
thresholds was stronger for right ear vs left ear. However, 
there was no significant difference between ASSR and PTA 
thresholds in right vs left ear (for all comparisons n = 24, 
p > 0.05). At all MFs and among all carrier frequencies, 
1000 Hz showed better correlations between PTA and cor-
rected ASSR thresholds (r = 0.4–0.59, n = 24, p < 0.05) (see 
Table 4 for the detailed statistics).

Discussion

For the first time, the current study investigated the efficacy 
of correction factors in ASSR to compensate for the dif-
ference between ASSR and PTA in a clinical setting using 
a commercial ASSR acquisition system in normal hearing 
adults. Even though many patients undergoing ASSR testing 
have some degree of hearing loss, some have normal hear-
ing. Thus, it is critical that those subjects are also correctly 
diagnosed. We found that the corrected ASSR thresholds 
based on the default correction factors in recording equip-
ment significantly differ from the measured PTA thresholds. 
As a result, the different scores between ASSR and PTA 
thresholds for normal hearing adults do not match the sug-
gested correction factors by the ASSR acquisition system. 
The Pearson product correlation coefficient showed good 
correlation in some, but medium to poor in most frequen-
cies between the thresholds obtained using PTA and ASSR. 
Overall, our findings suggest that the use of correction fac-
tors for compensating the difference between ASSR and 
PTA thresholds in normal hearing group needs special 
considerations.

The effect of modulation and carrier frequency

When examining the effect of MF on ASSR thresholds, 
we found that decreasing MF did not improve the obtained 
ASSR thresholds. The present study, as well as others [9, 19] 
suggest that 40 Hz MF results in lower (i.e., better) multi-
ple ASSR thresholds in normal hearing adults. Further, due 

Table 3   Statistical results for paired t test comparing pure tone audi-
ometry (PTA) and corrected auditory steady-state response (ASSR) 
thresholds (dBSPL) based on side (right and left ear), modulation 
frequency (MF), and carrier frequency. Corrected ASSR thresholds 
were calculated by subtracting the default correction factors from raw 
ASSR thresholds

Ear MF Carrier 
frequency

t df Sig. (two-tailed)

Right 20 500 7.75 23 0
1000 11.57 23 0
2000 10.68 23 0
4000 14.08 23 0

40 500 1.63 23 0.117
1000 11.53 23 0
2000 9.17 23 0
4000 7.93 23 0

80 500 4.93 23 0
1000 13.14 23 0
2000 8.19 23 0
4000 7.54 23 0

Left 20 500 5.04 23 0
1000 9.96 23 0
2000 8.69 23 0
4000 14.18 23 0

40 500 3.02 23 0.006
1000 7.85 23 0
2000 5.79 23 0
4000 7.47 23 0

80 500 3.64 23 0.001
1000 9.95 23 0
2000 8.55 23 0
4000 7.62 23 0
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Fig. 2   Boxplots representing the distribution of the thresholds for 
pure tone audiometry (PTA) and corrected auditory steady-state 
response (ASSR) thresholds for 500, 1000, 2000, and 4000 Hz. The 
tested modulation frequency (MF) is represented in the box at the top 
right corner of each figure. The tested ear is shown at the top of the 
panel. Corrected ASSR thresholds were obtained by applying default 

correction factors to ASSR thresholds. Each single boxplot represents 
the distribution of the thresholds between first and third quartile, 
whiskers represent minimum and maximum of the data, and outliers 
are shown as a dot at the bottom or top of each boxplot (n = 24 sub-
jects, for all comparisons p < 0.005)



2177European Archives of Oto-Rhino-Laryngology (2019) 276:2171–2180	

1 3

Fig. 3   Scatterplots representing 
the relationship between pure 
tone audiometry (PTA) and 
corrected auditory steady-state 
response (ASSR) thresholds for 
four carrier frequencies (500, 
1000, 2000, and 4000 Hz). The 
regression line for each plot 
is shown in the scatterplots 
(see Table 4 for the detailed 
statistics). The tested modula-
tion frequency (MF) and ear 
are shown at the right side of 
each row. Corrected ASSR 
thresholds were obtained by 
applying default correction fac-
tors to ASSR thresholds (n = 24 
subjects, for all comparisons 
p < 0.005)



2178	 European Archives of Oto-Rhino-Laryngology (2019) 276:2171–2180

1 3

to less variability in the thresholds obtained using 40 Hz 
ASSR, this MF resulted in the “strongest” correlation coef-
ficients across carrier frequencies. In terms of difference 
scores, ASSR thresholds and the difference scores varied 
with MFs and carrier frequencies. For example, at 80 Hz 
ASSR, the difference scores at higher frequencies (2000 and 
4000 Hz) were better (i.e., smaller). Some researchers sug-
gest that this observation is resulted from a high-frequency 
hearing loss [20]. However, the subjects in the current study, 
as well as others [19] have normal hearing at all frequen-
cies. This interaction between MF and carrier frequency 
which has previously been reported in several other studies 
[21–23], is more noticeable with ipsilateral rather than con-
tralateral stimulation [14]. The reason for such an interaction 
is not clear yet.

Predictability of hearing thresholds using ASSR

The measured difference scores in our study are higher than 
those reported in research ASSR instruments by others [9, 
23]. This could be due to the experimental variables such as 
the analysis algorithm and the behavioral hearing thresholds 

which significantly contribute to variability in the reported 
ASSR thresholds [16]. A systematic study by Hatzopolous 
et al. [16] shows that the algorithm used for obtaining hear-
ing thresholds from ASSR potentials could contribute to the 
estimated thresholds using each ASSR acquisition system. 
In that study ASSR thresholds of the same subjects were 
compared between two different analysis systems (Chartr EP 
and Audera). The results of that study suggest that Chartr 
EP results in higher (worse) thresholds for the same subjects 
compared to Audera [16].

On the other hand, in subjects with SNHL, ASSRs give a 
better estimate of behavioral hearing thresholds. Thus, the 
measured difference scores in these subjects are significantly 
smaller than in normal hearing group [6, 12]. The poorer 
temporal integration [20] and electrophysiological recruit-
ment [12] in SNHL subjects contribute to this observation. 
Due to the better estimate of behavioral thresholds using 
ASSR in SNHL subjects, pooling ASSR data from normal 
hearing and subjects with hearing loss results in lower aver-
age difference scores and a better correlation between ASSR 
and PTA thresholds in various studies [15, 24]. Thus, such 
an interpretation can lead to error in generalizing findings 
to normal hearing groups. Further, combining the data from 
both SNHL and normal hearing group could result in under-
estimation of correction factors in the ASSR systems for 
normal hearing adults. The present study as well as others 
[9, 16] addressed this issue by only including normal hear-
ing adults. In both studies and in the current work, ASSR 
thresholds overestimate hearing thresholds in normal hear-
ing adults. The correlation between ASSR and behavioral 
data in the normal hearing group is often non-significant 
or poor [10, 25]. These results are somewhat supported 
by the present findings which show poor-to-medium cor-
relation between ASSR and PTA in most MFs and carrier 
frequencies.

Another factor to consider when comparing our difference 
scores to others’ is the age range focus of the tested subjects. 
In many of those studies, ASSRs were tested in infants [26, 
27] or children [28]. Studies show that ASSR technique 
results in significantly larger magnitude responses in chil-
dren than in adults with the same hearing range [29]. As the 
shape and properties of the ear canal in children are differ-
ent from adults, less intensity will generate larger dBSPL 
at the eardrum in younger ages and less dBSPL in adults 
[30]. Thus, the difference scores in the current study are 
not comparable with those reported in infants and children.

One of the main aims of our study was to evaluate the 
credibility of equipment’s default correction factors in pre-
dicting ASSR and PTA thresholds difference. In the pre-
sent study, for most of the MFs and carrier frequencies, the 
correction factors suggested by Chartr EP system did not 
match the measured difference scores. This mismatch is 
likely due to defining smaller and similar correction factors 

Table 4   Pearson correlation coefficients of pure tone audiom-
etry (PTA) and auditory steady-state response (ASSR) thresholds 
(dBSPL) based on the tested carrier and modulation frequency (MF)

Ear MF Carrier 
frequency

N Correlation Sig. (two-tailed)

Right 20 500 24 0.65 0
1000 24 0.59 0
2000 24 0.38 0.06
4000 24 0 0.98

40 500 24 0.41 0.04
1000 24 0.4 0.04
2000 24 0.06 0.77
4000 24 0.52 0

80 500 24 0.34 0.09
1000 24 0.48 0.01
2000 24 0.24 0.24
4000 24 0.37 0.07

Left 20 500 24 0.17 0.42
1000 24 0.52 0
2000 24 0.04 0.84
4000 24 − 0.09 0.65

40 500 24 0.36 0.08
1000 24 0.36 0.08
2000 24 − 0.13 0.56
4000 24 0.37 0.07

80 500 24 0.11 0.59
1000 24 0.25 0.24
2000 24 0.54 0
4000 24 0.22 0.29
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for all carrier frequencies for the equipment. As the differ-
ence between ASSR and PTA changes based on MFs and 
carrier frequencies, applying similar correction factors does 
not compensate for the difference between these two meas-
urements. This results in a significant statistical difference 
between the corrected ASSR and behavioral thresholds 
which is demonstrated in the current study. Applying cor-
rection factors ubiquitously to all degrees of hearing loss and 
carrier frequencies can result in over amplification of hear-
ing aids in some frequencies [31], while the amplification 
in other frequencies might be insufficient [20]. On the other 
hand, this might result in unnecessary hearing aid fitting in 
normal hearing subjects.

Some recent studies have reported improved accuracy of 
hearing thresholds obtained using E-chirps by ASSR acqui-
sition systems. Despite this progress, lower carrier frequen-
cies still show poorer thresholds in normal hearing groups 
[14, 26].

Conclusion

While the goal of research on ASSR is refining the applica-
tion of this frequency-specific hearing assessment tool in 
audiology, the lack of research on commercial equipment is 
noticeable. Defining more specific correction factors based 
on the degree of hearing loss and the tested frequencies will 
result in better application of this system to patients in clin-
ics. The change in difference scores for various MFs and 
carrier frequencies is an important factor to be considered in 
defining the correction factors in commercial ASSR acquisi-
tion systems. Further, similar correction factors could not be 
applied to ASSR thresholds in subjects with a wide range of 
age and hearing thresholds. Having specific correction fac-
tors based on each MF, carrier frequency, and tested ear will 
result in a more accurate prediction of hearing thresholds 
using this objective audiometry technique. Further, ASSR 
can be a beneficial technique for objective hearing assess-
ment in infants, children, and adults with a wide range of 
hearing if the correction factors are specifically defined for 
those populations. This means that defining correction fac-
tors requires considering the testing criteria and a more com-
prehensive evaluation of larger populations without pooling 
the data from various hearing ranges, ages, and MFs. This 
could help in a better hearing aidfitting that is prescribed 
and programmed based on the reported ASSR thresholds 
and the patient’s needs.
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