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The effect of hearing loss above 2 kHz on temporal
resolution and speech understanding in noise
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Cover figure. Summary of methods and main findings in high-frequency sensorineural hear-
ing loss, showing reduced temporal resolution and impaired speech understanding in noise.

Summary

Objective. This study aimed to evaluate temporal resolution, speech understanding in noise, and
daily communication difficulties in individuals with sensorineural hearing loss above 2 kHz.
Method. Thirty adults aged 38-59 years with high-frequency sensorineural hearing loss (HF-SNHL)
were included as the study group, and 30 individuals aged 37-59 years with normal hearing as the
control group. Participants completed the Gap Detection, Random Gap Detection, Turkish Matrix
Test (TMT), and the Speech, Spatial Perception, and Hearing Quality (SSQ) scale. Statistical com-
parisons and decision-tree analyses were conducted.

Results. Significant differences between groups were observed in temporal resolution tests, speech rec-
ognition thresholds (SRT), and speech intelligibility percentages in -5 dB signal to noise ratio condition of
the TMT, as well as in SSQ results. Decision-tree analysis indicated that the Speech Perception subscale
of the SSQ and the TMT SRT in noise procedure were considered useful for identifying HF-SNHL.
Conclusions. Temporal resolution was found to be reduced, and speech comprehension in noise impaired
in individuals with HF-SNHL. The SSQ played a decisive role in identifying individuals with HF-SNHL.
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Introduction

Sensorineural hearing loss (SNHL) usually begins with
high frequencies and may progress to lower frequencies.
High-frequency hearing loss may result from age, noise ex-
posure, chemicals, vascular and metabolic disorders, oto-
toxic drugs, tumours, or genetic factors. A study reported
that high-frequency hearing loss (3, 4, 6 kHz) was more
prevalent than speech-frequency hearing loss (0.5, 1, 2, 4
kHz)!, indicating greater impact of high-frequency loss.
Temporal resolution in the auditory system is the ability to
distinguish very short-term changes between sound stimuli
and reflects auditory processing processes at both the pe-
ripheral and central levels. At the peripheral level, this abil-
ity is primarily related to rapid neural coding processes oc-
curring in the cochlea (particularly at the level of inner hair
cells and auditory nerve fibres). Hair cells in the cochlea
transmit the temporal characteristics of sound waves to au-
ditory nerve fibres via phase locking. The sensitivity of the
firing timing of auditory nerve fibres forms the neurophysi-
ological basis for distinguishing minimal silence intervals
(gaps) between 2 sounds. At the central level, temporal res-
olution is shaped at higher processing stages (e.g., cochlear
nucleus, superior olivary complex, inferior colliculus, and
auditory cortex) and through synchronisation mechanisms.
Processing at this level is critical for speech intelligibility
and auditory figure-ground discrimination in complex lis-
tening environments 2.

In addition to peripheral damage, individuals with high-
frequency SNHL may have impaired stimulus transmission
and processing in the central auditory system. Studies re-
port decreased temporal resolution in HF-SNHL ** and ag-
ing °. Guinea pigs with normal low-frequency hearing but
HF-SNHL showed reduced temporal resolution after noise
exposure°,

Understanding sound requires analysis of spectral and
temporal information. One study preserved temporal and
amplitude cues while partially removing spectral detail,
showing high accuracy in vowel, consonant, and sentence
recognition, emphasising the importance of temporal cues’.
Therefore, evaluating hearing loss together with temporal
features is crucial. Speech recognition issues are also com-
mon in SNHL. Reduced auditory input affects language
skills, phonological awareness 8, and impairs verbal com-
munication. Background noise, often present in daily life,
exacerbates this issue. SNHL patients struggle with speech-
in-noise and consonant recognition ?, which relies on high-
frequency cues. The fricative /s/ (and affricative /z/) are
frequent phonemes in English ', and essential for linguistic
markers. Perception of these phonemes requires hearing
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above 4 kHz . Speech energy is concentrated below 1 kHz
and reduced above 2 kHz 2. Sentence-based speech tests,
reflecting daily speech, reveal lower comprehension in in-
dividuals with hearing loss. Evaluating speech recognition
in noise is essential to determine the need for rehabilita-
tion. Assistive device decisions are difficult in patients with
HF-SNHL, where hearing aid candidacy is borderline, yet
amplification has proven beneficial above 2 kHz 1.
Temporal resolution may decrease with age and hearing
loss 4. Cesur and Derinsu found that temporal resolution
decreases with age in a study involving young adults with
normal hearing and older adults with normal hearing?. Kim
et al. included young adults with normal hearing and indi-
viduals aged 60 years and older in their study. They dem-
onstrated a significant decrease in speech perception per-
formance in noisy environments with age °. These results
reveal the importance of considering the effect of age when
evaluating speech comprehension in HF-SNHL.

Decision making is important in medical situations. The
decision tree is one of the widely used machine learning
models in a wide range of medical situations that require
decision making, providing high classification accuracy
with a simple representation of the collected information '6.
Compared to other machine learning models, the decision
tree has some advantages. It provides a transparent deci-
sion-making process. Therefore, it can be easily validated
by an expert. It is also visualisable and easy to understand
and interpret in clinical practice. It is important to use new
approaches in processing the information obtained. In de-
cision-making situations, it is important to add alternative
methods in addition to traditional methods to make the ap-
propriate decisions.

Our study aims to examine the difficulties caused by hear-
ing loss at high frequencies in a detailed way even if hearing
at low frequencies is within normal limits. In this context,
our cross-sectional and analytically designed study aimed
to evaluate temporal resolution, a component of auditory
processing, in individuals under 60 years of age with HF-
SNHL who had hearing thresholds exceeding 20 dB HL at
high frequencies above 2 kHz. At the same time, we thought
that the difficulties experienced by individuals in noisy en-
vironments, which they frequently encounter in daily life,
should be revealed. We also aimed to emphasise the impor-
tance of comprehensive assessments to identify the need for
referral to assistive practices. For these purposes, we used
temporal resolution tests, a speech comprehension in noise
test, and a self-assessment scale to identify subjective com-
plaints. At the same time, we aimed to include decision tree
calculations while analysing the data obtained in our study



to reveal which evaluation methods are more decisive for
diagnosis. A visual summary of the evaluation process and
study design is presented in the Cover figure.

Materials and methods

This study was conducted at Istanbul University-Cerrahpasa
Medical Faculty Audiology, Language and Speech Disor-
ders Unit.

Participants

The study group consisted of 30 individuals aged 38-59
years with HF-SNHL with hearing thresholds greater than
20 dB after 2 kHz, while the control group consisted of 30
individuals aged 37-59 years with normal hearing. To mini-
mise the effects of age, the upper age limit for both groups
was set at 59 years. Participants whose native language
is Turkish were included in the study to avoid confound-
ing factors. Individuals with middle ear problems, those
whose native language is not Turkish, and those who scored
21 points or less on the Montreal Cognitive Assessment
(MoCA) test were not included in the study. Individuals
with pure-tone thresholds above 20 dB HL at high frequen-
cies after 2000 Hz for at least 6 months were included in
the study group.

The study group with bilateral hearing loss had less than 10
dB difference between their right and left ear thresholds and
were unable to use hearing aids. They had normal otoscopic
and immittance findings. There were no reported health prob-
lems in their medical history, such as middle ear problems,
learning difficulties, speech, and language disorders, etc.

Procedure

A comprehensive audiologic evaluation was performed af-
ter obtaining information about the adults in the study and
control groups through a questionnaire. The “Informed Con-
sent Form” was read and signed by all participants. All adults
included in the study underwent otoscopic and tympanom-
etry examinations. Audiometric evaluations were performed
with a GSI Audiostar Pro (Grason-Stadler Inc. Tiger/USA)
audiometer in a sound-treated booth complying with Natus
Medical Inc. (Denmark) standards. Pure tone thresholds and
speech audiometry tests were performed during the evalua-
tion. Air conduction evaluations were performed in the fre-
quency range of 125-8000 Hz and bone conduction evalu-
ations were performed in the frequency range of 500-4000
Hz. In addition, the Gap Detection Test (GDT), Random Gap
Detection Test (RGDT), Turkish Matrix Test (TMT), and
Speech, Spatial Perception, and Hearing Quality Scale (SSQ)
were also applied for comprehensive audiological evaluation.

High-frequency hearing loss and speech understanding in noise

GaP DETECTION TEST

The adaptive GDT was conducted using MATLAB R2016a
(The MathWorks, Natick, MA) . For optimal sound qual-
ity, a Focusrite Scarlett Solo 2i2 sound card (24-bit resolu-
tion; 44.1 kHz sampling rate) and E-A-RTONE-3A (Aearo
Company) insert headphones were used. PsyAcoustXGUI
software ensured that stimulus timing was independent of
CPU speed, which is critical for msec-level auditory stim-
uli.

In this study, symmetrical HF-SNHL and normal-hearing
individuals were tested bilaterally at 40 dB sound level (SL)
above their pure tone averages. Of 3 broadband noises (100-
8000 Hz, 500 msec duration), one had a temporal gap. After
a training trial, participants identified the stimulus with the
gap. Two correct responses decreased the gap; one incorrect
response increased it, enabling threshold determination.

RANDOM GAP DETECTION TEST

RGDT uses 0.5, 1, 2, and 4 kHz pure tones, with inter-stimulus
intervals randomly ranging from 0-40 msec. A practice trial
with 1000 Hz tones in ascending order preceded the main test.
The test was performed bilaterally via insert earphones at 40
dB SL above pure tone averages, with randomly varying gaps
between tonal pairs at 500, 1000, 2000, and 4000 Hz. Partici-
pants indicated whether they heard one or 2 sounds. Thresh-
olds were calculated for each frequency, and a composite RG-
DT value was obtained by averaging all thresholds.

TURKISH MATRIX TEST

TMT was administered via the Oldenburg Measurement
Application with Aurical Aud (GN Otometrics, Denmark),
using JBL Control One speakers in quiet booths. In the
adaptive procedure, the speech recognition threshold (SRT)
in noise and corresponding signal to noise ratio (SNR)
were calculated. Noise was set at 65 dB SPL; speech stimu-
lus level was adjusted. Starting at 0 dB SPL, the level de-
creased if 3 of 5 words were correct; otherwise, it increased.
This determined the SNR for 50% word recognition.

In the non-adaptive procedure, speech intelligibility (SI)
was measured at fixed SNR of -5 dB. Speech level was ad-
justed to 40 dB SL above pure tone averages; noise was
set accordingly. SI was calculated based on correct word
recognition. Stimuli were presented at 0° azimuth (SONO).

SPEECH, SPATIAL PERCEPTION, AND HEARING QUALITIES
SCALE

The SSQ assesses speech understanding and hearing qual-
ity in adults. We used its Turkish version. The scale consists
of 49 items in 3 subscales: “Speech Perception” (complex
sounds), “Spatial Perception” (sound localisation), and
“Qualities of Hearing” (subjective quality). Scores range
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Figure 1. Pure-tone thresholds of the study (left) and control (right) groups by frequency.

from O to 10. Subscale scores were calculated by averaging
item responses. The overall SSQ score was the average of
all item scores 8.

Statistical analysis

IBM SPSS v25 (SPSS Inc., Chicago, USA) was used for
statistical analysis. Normality was assessed using the Shap-
iro-Wilk test, and homogeneity of variances using Levene’s
test. Both visual (histograms, Q-Q plots) and analytical
methods (Student’s t-test, Pearson correlation) were used
to analyse the data. Descriptive statistics were reported as
mean * standard deviation (SD). Significance was set at p
< 0.05. Correlation levels are classified as weak between
0 and 0.4; moderate between 0.4 and 0.59; high between
0.60 and 0.84; and very high between 0.85 and 1. Decision
tree analysis used the CHAID algorithm, dividing data into
subgroups. Categories were combined and compared us-
ing chi-square (y?) tests, forming a hierarchical tree. Splits
were based on significance levels, enabling identification
of variables related to the dependent outcomes. Normal-
ity of distributions was confirmed for all variables in both
groups using the Shapiro-Wilk test (p > 0.05). Homogene-
ity of variances for age and gender was verified with the
Levene test (p > 0.05). Independent-samples t-tests were
used for group comparisons. To determine the adequacy of
the sample size, a previous study with similar methodology
was referenced '°. Based on a large effect size (Cohen’s d =
0.80), an a priori power analysis (o0 = 0.05, two-tailed; 1-p =
0.80) indicated a minimum of 25 participants per group for
the independent-samples t-test. Since this study included 30
participants in each group, the achieved statistical power
exceeded 0.90 for large effects.

320

Results

The study included 60 adults (30 with HF-SNHL and 30
with normal hearing). The mean age of the HF-SNHL group
was 51.2 + 6.2 years, and that of the control group was 47.9
+ 7.9 years; the difference was not significant (p = 0.164).
The groups were homogeneous in terms of age and gen-
der (p > 0.05). There was no significant difference between
the groups in terms of age (p = 0.08) and gender (p = 0.8).
The mean pure tone thresholds for both groups are shown
in Figure 1. Normal distribution and equal variances were
also confirmed for all audiometric variables (Shapiro-Wilk
and Levene tests, p > 0.05). Independent-samples t-tests
showed no significant difference for the groups in hear-
ing thresholds at 2 kHz and lower frequencies (p > 0.05).
Additionally, no significant difference was observed in the
average pure tone thresholds of the right and left ears of
the study group at each frequency (p > 0.05). The hearing
losses in the study group were bilateral and symmetrical.
No significant differences were observed between the aver-
age hearing thresholds at 4000 Hz, 6000 Hz, and 8000 Hz
between the right and left ears (p = 0.88, p=0.83, p = 0.84).

Comparison of Temporal Resolution Test results

An independent samples t-test was used for intergroup
comparisons in the GDT assessment. The Shapiro-Wilk
test showed that the normality assumption was met in both
groups (study, p = 0.057; control, p = 0.061). According to
the Levene test, the variances were not equal (p = 0.016).
Therefore, the groups were compared using the Welch test,
which does not assume homogeneity of variance. Evalu-
ations were performed using the Independent Samples T
Test. A significant difference (p < 0.05) was found between
the study group and the control group in the GDT results.



The effect size indicating group difference was moderate (d
=(0.74) (Tab. D).

For the RGDT, normality was confirmed for the 500, 1000,
2000, and 4000 Hz thresholds and for the composite score
in both groups (Shapiro-Wilk, p > 0.05). The Levene test
showed equal variances for some variables (500 Hz, p =
0.052; 1000 Hz, p = 0.065) and unequal variances for oth-
ers (2000 Hz, p = 0.031; 4000 Hz, p < 0.05; composite,
p < 0.05). Therefore, the groups were compared using the
Welch t-test. Statistically significant differences (p < 0.05)
were found between the groups at 500, 1000, 2000, and
4000 Hz RGDT and in composite RGDT values (Tab. I).
The effect size was moderate at 500 Hz (d = 0.72), 1000
Hz (d = 0.69), and 2000 Hz (d = 0.72), while it was large
at 4000 Hz (d = 0.84). For the composite RGDT, the effect
size was moderate-to-large (d = 0.78), indicating a mean-
ingful practical difference.

Comparison of Turkish Matrix Test results

Normality of distributions was verified with the Shapiro-
Wilk test, and homogeneity of variances with the Levene
test. The distribution of the SRT variable was normal for
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both groups (control, p = 0.280, study, p = 0.370), but vari-
ances were unequal (Levene test, p = 0.019). Therefore, the
Welch-corrected t-test was used for SRT. Evaluations were
performed using the independent samples T test. Statisti-
cally significant higher values were obtained in the study
group compared to the control group in SRT values in adap-
tive noise (p < 0.05), and the difference corresponded to a
large effect size (d = 1.67) (Tab. II). This result indicates
that the control group’s SRT values were significantly high-
er than those of the study group. For the -5 dB SNR SI vari-
able, both groups showed normal distributions (control, p =
0.870; study, p = 0.811), but the assumption of equal vari-
ances was again violated (Levene test, p < 0.05). Therefore,
Welch’s t-test was applied. Significantly lower scores were
found in -5 SNR SI percentages, compared to the control
group (p < 0.05), and this difference also demonstrated a
large effect size (d = 2.37) (Tab. II). Accordingly, speech
intelligibility scores of the control group were significantly
higher than those of the study group.

Comparison of the results of the SSQ Scale
Distributions were normal in both groups for all SSQ vari-

Table I. Gap Detection Test and 500, 1000, 2000, and 4000 Hz Random Gap Detection Test and Composite Random Gap Detection Test values were
obtained from the test groups.

Study group Control group
Mean = SD Mean = SD
(ms) (ms)

GDT 30 3.72+241 30 2.52+0.97 -2.9 0.74 0.006*1
500 Hz RGDT 30 15,57 = 15.1 30 7.43 +5.36 - 0.72 0.007*1
1000 Hz RGDT 30 14.03 = 14.66 30 6.57 +4.09 - 0.69 0.01*1
2000 Hz RGDT 30 14.23 +14.02 30 6.83 = 4.04 -2.8 0.72 0.007*
4000 Hz RGDT 30 14.83 +13.99 30 6.30 = 4.12 -3.2 0.84 0.002*1
Composite RGDT 30 1475 +14.04 30 6.72 = 3.91 -3.02 0.78 0.004*
threshold

*n < 0.05. GDT: gap detection test; RGDT: random gap detection test; ms: milliseconds; SD: standard deviation; n: number of participants; t: Welch test ' independent samples T test.

Table II. TMT values were obtained from the test groups.

Study group

Control group

SRT 30 -3.4+22 30

-6.2+0,9 -6.54 1.67 <0.001*

SI -5 SNR (%) 30 50.8 +15.95 30

80.1+7.2 9.17 2.37 <0.001*

*p < 0.05. SRT: speech recognition threshold; SNR: signal to noise ratio; SI: speech intelligibility; SD: standard deviation; n: number of participants; t: Welch test; 7 independent

samples T test.
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Table lll. SSQ Scale values were obtained from the test groups.

Study group

Control group

Speech perception 30 6.57 +1.13 30 8.52 + 0.64 8.2 1.39 < 0.001"
Spatial perception 30 712 +1.39 30 8.65+0.7 - 0.72 < 0.007*
Quality of hearing 30 7.57+1.13 30 9.07 £ 0.63 6.34 1.64 < 0.001*
Overall mean scores 30 713+1.07 30 8.77 = 0.51 7.6 1.96 < 0.001™

*n < 0.05. SD: standard deviation; n: number of participants; t: Welch test;" independent samples T test.

Table IV. Correlation results of the tests.

Overall mean Speech

perception
HF threshold averages 0.3 0.3 0.74* -0.84**1 -0.6"1 -0.62*1
GDT 0.34* 0.4 -0.41 -0.221 -0.28
RGDT 0.2 -0.21%1 -0.36* -0.33
SRT -0.46**1 -0.48**1
—-5SNRSI 0.54* 0.54**

*Correlation is significant at 0.05 level (2-taileq); **Correlation is significant at 0.001 level (2-tailea); ***Correlation is not significant; r: correlation coefficient; HF: high frequency;
GDT: gap detection test; RGDT: random gap detection test; TMT: Turkish matrix test; SRT: speech recognition threshold; SNR: signal-to-noise ratio; SI: speech intelligibility; SSQ:

speech, spatial and qualities of hearing scale;  pearson correlation test.

ables (Shapiro-Wilk, p > 0.05). Variances were unequal
for the Speech Perception, Quality of Hearing, and overall
mean variables (p < 0.05), but homogeneous for the Spa-
tial Perception variable (p = 0.055). Independent-samples
t-tests and Welch corrections were used where appropriate.
A statistically significant difference was observed between
the groups in Speech Perception, Spatial Perception, Qual-
ity of Hearing, and overall mean scores (p < 0.05). Cohen’s
d coefficients indicated large effect sizes across all sub-
scales, confirming the practical significance of these differ-
ences (Tab. III).

Correlation analysis

Before performing correlation analyses across all partici-
pants, data normality was evaluated using the Shapiro-Wilk
test. GDT (p < 0.05) and SRT (p < 0.05) did not meet the
normality assumption whereas RGDT (p = 0.052), -5 SNR
SI (p = 0.057), SSQ overall mean (p = 0.073), HF threshold
averages (p = 0.054), and SSQ Speech Perception (p =0.059)
satisfied it. Therefore, logarithmic, square root, and Box-Cox
transformations were tested; the Box-Cox transformation
was selected as the most appropriate method. After transfor-
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mation, normality was achieved in the GDT and SRT vari-
ables (p > 0.05). The Pearson Correlation Test was applied.
The correlation results of the HF threshold averages at 4, 6,
and 8 kHz of the study group and the other tests applied are
shown in Table IV. A significant, positive, and weak cor-
relation was observed between HF threshold averages and
GDT and RGDT (30%). Furthermore, HF threshold aver-
ages were positively and highly correlated with SRT (74%),
negatively and highly (84%) correlated with SI at -5 SNR,
negatively and highly (60%) correlated with the mean SSQ
score, and negatively and highly (62%) correlated with the
Speech Perception subscale of the SSQ.

A significant, positive, and weak correlation was observed
between GDT and RGDT assessing temporal resolution
(34%). GDT was positively correlated with adaptive noise
SRT (40%) and negatively, correlated with non-adaptive
noise -5 SNR SI (40%) and Speech Perception subscale of
SSQ (28%). No significant correlation was observed be-
tween GDT and average SSQ score (p > 0.05).

In adaptive noise, no significant correlation was observed
between RGDT and SRT and -5 SNR SI, whereas a signifi-
cant, negative, and weak correlation was observed between



RGDT and mean SSQ score (36%) and Speech Perception
subscale (33%). SRT was significantly, negatively, and
moderately correlated with the mean SSQ score (46%) and
the Speech Perception subscale of the SSQ (48%). Also,
a significant, positive, and moderate correlation was ob-
served between non-adaptive -5 SNR SI and average SSQ
score (54%) and Speech Perception subscale of SSQ (54%).

Decision tree

The CHAID algorithm was applied to explore multivariate
relationships among variables using chi-square (y?) parti-
tioning. The 10-fold cross-validation method was used to
assess model generalisability. In this approach, data were
divided into 10 subsets, and the model was iteratively
trained and tested on each, reducing potential bias and im-
proving external validity.

The SSQ Speech Perception variable was placed at the root
node in the decision tree analysis; participants with < 7.14
were assigned to the study group, and those with Speech
Perception > 7.14 were assigned to the control group ()%2(1,
n = 60) =40.00, p < 0.001). According to this criterion, 24
of the 30 patients were classified as the study group, and 6
were classified as the normal group.

In the next split, individuals with SNR > -4 dB were as-
signed to the study group (n = 5), and those with SNR <
-4 dB to the control group (n = 1) (}*(1, n = 36) = 29.03,
p <0.001). The final classification performance of the mod-
el was found to be accuracy = 93.3%, sensitivity = 86.7%,
and specificity = 100%. Cross-validation results showed
that the model’s generalisable performance was at the level
of accuracy = 81.7%, sensitivity = 96.7%, and specificity
= 60.7%. These results indicate that the model achieved
strong sensitivity but reduced specificity, likely due to the
limited sample size.

Discussion

SNHL is one of the most common types of hearing loss and
usually starts in the higher frequencies and expands to the
lower frequencies over time. In addition to the damage to
the peripheral system, impairments in the central auditory
system can also be seen due to SNHL. Therefore, individ-
ual differences observed in temporal resolution should be
considered as a combination of both peripheral and central
contributions.

A decrease in hearing sensitivity at the peripheral level and
neuronal impairment at the central level may explain the
deterioration in temporal processing performance **5, Con-
sequently, the assessment of temporal resolution provides a
valuable indicator of the holistic functioning of the auditory

High-frequency hearing loss and speech understanding in noise

system. Speech has a wide frequency range, but the spec-
trum energy is higher at frequencies below 1 kHz and lower
at frequencies above 2 kHz. For this reason, the difficulties
experienced by individuals with high-frequency hearing
loss with normal hearing limits at low frequencies should
be examined in detail. It was aimed to evaluate temporal
resolution to reveal the difficulties caused by the noise that
is frequently exposed in daily life, to assess the subjective
complaints of these individuals, and to investigate the rela-
tionships between the tests in our study.

Temporal resolution may be affected in hearing losses in-
volving high frequencies. Studies have shown that temporal
resolution decreases with HF-SNHL *!'“, Hoover, Pasquesi,
and Souza, in a study of young adults with normal hearing
and older adults with mild to moderate HF-SNHL, found a
significant difference in temporal resolution between the 2
groups '“. However, in a study by Matos and Frota, individ-
uals with normal hearing and individuals with mild to mod-
erate SNHL were examined with the Gaps in Noise (GIN)
test and no significant difference was found between the
normal hearing and hearing loss groups . Supporting Hoo-
ver, Pasquesi, and Souza, temporal resolution was observed
to decrease with high-frequency sensorineural hearing loss
in our study '%. A significant difference (p < 0.05) was found
between our study and control groups in the GDT results
and RGDT values (Tab. I). In addition, higher thresholds
were observed at low frequencies in RGDT, where frequen-
cy-specific evaluations can be made, following previous
studies 2'.

Hearing loss experienced at high frequencies can negatively
affect speech understanding in noise to various extents. In
a study by Feng et al. to investigate this effect, speech per-
ception in noise at 2, 3, and 4 kHz was assessed in a group
with normal hearing and 3 groups of HF-SNHL using the
HINT test, in which the speeds were changed by applying
different rates of time compression 3. The study revealed
that the HF-SNHL groups performed lower than the normal
hearing group even at normal speech rates. In addition, it
was shown that performance was lower as the compression
rate increased in all groups. The data obtained in our study
are consistent with these results. We found that the SRT
obtained in adaptive noise assessments in the HF-SNHL
group was significantly higher than in the control group
(p < 0.05). In addition, significantly lower scores were ob-
tained in the study group in non-adaptive SI percentages
compared to the normal hearing group (p < 0.05) (Tab. II).

Self-assessment of the perceived communication skills of
patients with hearing loss using questionnaires and scales
has been a topic that has been evaluated since the begin-
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ning of audiology. SSQ enables individuals with hearing
loss to reveal the situations they encounter in daily life, to
determine the difficulties they experience in finding the lo-
cation and direction of sounds, and to make assessments
about the quality of hearing. For this purpose, we investi-
gated the effect of HF-SNHL on individuals using SSQ. We
found a significant difference (p < 0.05) between the study
group and normal hearing group in the overall means of the
SSQ, Speech Perception scores, Spatial Perception scores,
and Quality of Hearing scores. The group with hearing loss
had lower scores compared to the control group. In a previ-
ous study, it was observed that individuals with hearing loss
scored lower on the scales 8?2, In a study of normal hear-
ing and bilaterally hearing-impaired individuals, lower SSQ
values were observed in the group with hearing loss % In
our study, results consistent with the literature were found.
It is important to investigate the correlations between high
frequency thresholds, which are the most prominent indica-
tors of hearing loss, and the tests applied. In our study, a
positive and weak correlation was observed between HF av-
erages (4, 6, and 8 kHz) and GDT and RGDT. These results
showed that temporal resolution may decrease with HF-
SNHL. Moreover, a high positive correlation was observed
between the HF threshold average and TMT’s SRT in noise
and a high negative correlation was observed between the
HF average and TMT -5 SNR SI, SSQ mean, and Speech
Perception subscale of SSQ. All these results indicate that
as the degree of hearing loss at high frequencies increases,
problems in speech recognition in noise will increase and at
the same time low scores may be obtained from the scale.
Correlations between the tests used in temporal resolution
assessment were analysed. Hoover, Pasquesi, and Souza
evaluated the correlation between the GIN test and the GDT
using a noise stimulus created on MATLAB and found a
strong positive correlation between the 2 tests '*. However,
when we examined the difference between the GDT and
Composite RGDT values in our study, a positive but weak
correlation was observed between the 2 tests. It was thought
that these differences in correlation strength between the 2
studies might be due to the different frequency characteris-
tics of the stimuli used in the test.

In some studies, a correlation was observed between tem-
poral resolution tests and speech comprehension tests in
noise, while in others no correlation was observed. In the
present study, a positive, moderate correlation was ob-
served between the GDT and adaptive procedure SRT, and
a negative, moderate correlation was observed with the
non-adaptive procedure SI. This suggests that as the gap
detection threshold increases and temporal resolution de-
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creases, it is possible to have a relatively higher SRT value
and lower SI. With decreasing temporal resolution, it has
been shown that speech understanding problems may occur
in noise. Hoover et al. showed that there was a moderate
positive correlation between the QuickSIN test for speech
recognition in noise and the GDT '*. In our study, results
consistent with the study by Hoover et al. were obtained.
Cesur and Derinsu showed a weak negative correlation be-
tween GIN and speech recognition in noise score 5. Li et
al. showed a negative correlation between the gap thresh-
olds determined with a 1 kHz low-pass filtered white noise
stimulus and time-compressed speech scores in a study in-
volving individuals with high frequency sensorineural hear-
ing loss and normal hearing *. In our study, no significant
correlation (p > 0.05) was observed between the composite
RGDT value using tonal stimuli and the SRT and SI, which
are the other temporal resolution tests we applied in our
study. Our findings support Strouse et al. In that study, a
gap detection test with a 1000 Hz signal was used to assess
temporal resolution, and a syllable recognition test with
VOT change between /ba/-/pa/ syllables was used to assess
speech recognition and no significant correlation was found
between the 2 tests 2. A possible reason for these differ-
ences may be that the stimuli used in the test have different
characteristics as noise and pure tone. According to these
results, it is thought that tests using noise stimuli may be
relatively more preferred in evaluating temporal resolution
and difficulties in noise.

No significant correlation was observed between the GDT
and the overall mean of the SSQ, which evaluates the hear-
ing perception of individuals (p > 0.05) in the present study.
However, a significant, negative, and weak correlation was
observed between the GDT and subscales of SSQ. The
finding of a correlation, albeit weak, between the GDT and
Speech Perception scale, which mostly assesses speech
perception in noise environments, may support the relation-
ship between decreased temporal resolution and difficulty
in speech intelligibility in noise. At the same time, a nega-
tive and weak correlation was found between the composite
RGDT score and the SSQ overall mean and Speech Percep-
tion subscale. This may indicate that when temporal resolu-
tion decreases, individuals may be able to express the situ-
ation subjectively, albeit weakly.

Our study contributes to the literature in terms of presenting
the relationship between the 2 tests in adaptive and non-
adaptive procedure TMT applied to the same groups. Our
results show a negative and moderate correlation between
SRT in Adaptive Noise (TMT) and SSQ overall mean and
Speech Perception subscale. As the SRT decreases, SSQ



overall mean and Speech Perception scores increase. The
fact that there is a positive and moderate correlation be-
tween the SI in non-adaptive noise at -5 SNR, which is one
of the most difficult conditions of the TMT, and the SSQ
overall mean indicates that as the percentage of SI in noise
increases, individuals get higher scores on the scale. Indeed,
the observation of a significant positive and moderate corre-
lation between the TMT SI and the subscale of SSQ, which
consists of various questions to assess speech recognition
in different environmental conditions such as noise and re-
verberation, indicates that this part of the scale moderately
predicts the subjective assessment of speech recognition in
noise. According to these results, it appears that the scale
is relatively reliable in the assessment of HF-SNHL. Our
study has also contributed to the literature in terms of es-
tablishing the relationship between Turkish TMT and SSQ.
Numerous research in the literature provides evidence for
comparable findings. Vannson et al. investigated the rela-
tionship between the SSQ and SRTs in spatially separated
noise with the French Matrix test in adults with asymmetric
hearing loss who were between the ages of 20 and 70 '°. The
SSQ overall mean and subscale of SSQ values in this study
showed a significant negative correlation with the dichoti-
cally presented situation. Examining these findings reveals
that our data are in line with previous research (Tab. IV).

Decision tree calculations for our secondary objective re-
vealed the importance of the results obtained from the
scale. According to the tree structure in the results, the fact
that the Speech Perception score, which is the subtest of the
SSQ, was selected as the first criterion for the individual to
be included in the study group is an indication of this. Thus,
24 in the study group of 30 individuals were identified as
patients. Subsequently, the SRT evaluation of the TMT was
used as the second criterion for the 6 patients included in
the normal group to be included in the study group. As a
result, 5 of the remaining 6 individuals could be included
in the study group. The fact that individuals were identi-
fied as patients according to these 2 assessment methods
strongly suggests that these measures are very important
in test batteries and should be included in the evaluations
of HF-SNHL. At the same time, despite the limited sample
size, the prominence of the scale results in deciding the dis-
ease status supports the necessity of scale assessments in
deciding whether to refer individuals to the clinic for audio-
logical evaluation. The subsequent use of noise perception
tests as a second criterion suggests that these tests should
be added to the battery when assessing individuals. In addi-
tion, to make these decisions more accurately, it is planned
to increase the number of individuals, which is one of the
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Figure 2. Decision tree statistical analysis values.

limitations of the present study, and to make calculations
including other characteristics. According to our research,
there is no previous study that reveals these relationships
using a decision tree, and our study makes an innovative
contribution to the literature in this respect. Given the rela-
tively small sample size, the model’s high specificity value
suggests a risk of overfitting. Achieving near-perfect clas-
sification performance on the training set indicates that the
model may have learned a sample-specific structure. There-
fore, it should be noted that the threshold values determined
by the decision tree model may vary across different sam-
ples. In future studies, it is recommended to perform gen-
eralisability tests using independent sample validation or
ROC analysis.

Self-assessment scales have been suggested to have the po-
tential to assess perceived hearing function in real-world
listening environments that cannot be easily replicated in
laboratory or clinical scenarios. They have also been used as
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an outcome measure after hearing aids and implant fitting.
Self-perception of hearing ability has also been shown to
predict which patients prefer amplification **. Self-assess-
ment scales have also shown that patients with higher levels
of motivation are more likely to seek help for their prob-
lems . Generally, the start time of amplification is delayed
by individuals with HF-SNHL. Revealing the problems ex-
perienced by individuals in many areas with comprehensive
assessments can shorten this process. In this case, the use
of self-assessment scales that increase the self-awareness
of individuals becomes important. At the same time, when
we consider the strong correlation between the SSQ and
the Turkish Matrix test and the relationship in the decision
tree calculation, it reveals the importance of using scales in
evaluations. Thus, individuals who are more aware of the
difficulties they experience can contribute to deciding on
solutions that will increase their quality of life.

The small sample size of this study and the absence of lon-
gitudinal data are important limitations. These factors may
limit the generalisability of the findings and the causal in-
terpretation of relationships between variables, as the study
is based on a cross-sectional design. Future studies with
larger samples, incorporating longitudinal follow-up data,
may more robustly elucidate the nature of these relation-
ships.

Conclusions

Since individuals with HF-SSHL have difficulties in under-
standing speech in noise, it is necessary to include speech in
noise recognition tests in the test batteries when evaluating
these individuals. At the same time, it is important to evaluate
individuals with scales so that they can more easily express
and document the subjective complaints they experience. It
is thought that assistive device referrals can be made more
accurately for people who are evaluated with temporal reso-
lution tests, speech recognition in noise tests, and scales. This
detailed evaluation can be used as a guide for early interven-
tion if necessary. It may help to explain the importance of this
condition to the individuals. Thus, effective decisions can be
made to improve the quality of life of individuals with HF-
SNHL.
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