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Abstract. This article presents a preliminary evaluation of a novel language in-
dependent Speech-in-Noise test for adult screening in terms of Speech Reception
Threshold (SRT) estimates and prediction of hearing sensitivity.

The test is based on multiple-choice recognition of meaningless Vowel-Conso-
nant-Vowel words and was administered to 26 normal hearing young adults and
58 unscreened adults who also underwent pure-tone audiometry. Receiver oper-
ating characteristics were built using the World Health Organization criteria for
“slight/mild” and “moderate” hearing loss as gold standards and SRTs as test
outcome. Both curves showed very good test performance in predicting suc-
cess/failure in pure-tone audiometry (area under the curve: 0.79 for “slight/mild”
and 0.83 for “moderate” hearing loss). A complete generalized linear model in-
cluding SRT, age, and their interaction showed that the SRT and the interaction
between SRT and age were significant predictors of pure-tone audiometry out-
comes, whereas age alone was not a significant predictor of the degree of hearing
loss. Moreover, preliminary results from test-retest data showed that the test was
reliable in repeated measures (Spearman’s rank-order correlation coefficient =
0.72; Cohen’s kappa = 0.83 for “slight/mild” and 0.64 for “moderate” hearing
loss). Further research is needed to fully assess test performance in a larger sam-
ple of participants, also including subjects with higher degrees of hearing loss
(e.g. “severe” and “profound”).
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1 Introduction

According to the World Health Organization (WHO), hearing impairment is one of the
top ranked leading causes of number of years lived in disability worldwide [1]. Nowa-
days, about half billion people experience disabling hearing loss and this number is
expected to double by 2050 [2].



The substantial implications of hearing loss in terms of increased costs and de-
creased quality of life are well known [3]. Nevertheless, it is frequently under-diag-
nosed [4]. Hearing tests, indeed, are not usually included in routine health care exami-
nations in adults. Moreover, a decrease in hearing is often believed as an inevitable
consequence of aging and individuals typically do not seek help, or seek help very late.
In this context, Speech-in-noise (SIN) tests are a very good option to screen people who
may have initial difficulties but may not be ready to seek help [5]-[7]. SIN tests can be
implemented in an automatic way and do not need experienced operators or a clinical
environment so that they can be performed in remote settings (e.g. at home). Despite
the increasing importance of SIN tests for hearing screening, pure-tone audiometry is
still the standard test for hearing assessment and, based on pure-tone audiometry out-
comes, it is possible to define different grades of hearing loss (as in [8]).

Recently, we have developed a new automated, language independent SIN test for
adult hearing screening, based on multiple-choice recognition of meaningless Vowel-
Consonant-Vowel (VCV) words spoken by a professional native English speaker [9]-
[10]. The test consists in a novel adaptive staircase procedure which takes into account
the real shape and SNR range of the different VCV psychometric curves which are
obtained by means of the Short Time Objective Intelligibility measure (STOI). Differ-
ently than conventional procedures, which use the SNR as the difficulty variable, the
novel procedure uses the stimuli’s intelligibility, as estimated on the psychometric
curves [11]. Preliminary results suggest that the test is fast, reliable in normal hearing
and hearing impaired individuals, and accurate in native and non-native listeners.

The aim of this study was to evaluate the ability of the SIN test to predict hearing
sensitivity in individuals with varying hearing sensitivity and age. Specifically, we in-
vestigated the relationship between the degree of hearing loss defined using the Pure
Tone threshold Average (PTA), as measured by pure-tone audiometry, and the Speech
Reception Threshold (SRT), as measured by the proposed SIN test.

2 Material and Methods

2.1  Participants

In order to span a wide range of hearing sensitivity and age, two different samples of
subjects were recruited and tested. The first sample was composed by a group of normal
hearing Italian young adults (YA) (N=26) who were recruited at Politecnico di Milano.
The second sample included a group of unscreened adults and older adults (UA) of
varying native language (N=58; Italian: 41 subjects; English: 10 subjects; French, Af-
rican: 2 subjects; German, Spanish and Filipino: 1 subject), who were recruited during
local health screening initiatives (i.e. at universities of senior citizens, health prevention
and awareness events for the general public).

2.2 Procedures

Participants in the YA and UA groups underwent pure-tone audiometry at 0.5, 1, 2, and
4 kHz on both ears, the Hearing Handicap for the Elderly - Screening version (HHIE-
S) and the SIN test. Due to the opportunistic nature of the local screening initiatives,



UA were given the option to choose in which ear(s) to perform the test. Seven UA
performed the test sequentially in both ears whereas 51 UA and 26 YA performed the
test only in one ear, for a total of 91 ears tested.

The test was run on an Apple® Macbook Air® 13”’ (OS X Yosemite version
10.10.5 and macOS High Sierra version 10.13.6) connected to Sony MDRZX110APW
headphones. Through a volume slider on the graphical user interface, all subjects were
given the option to adjust the output levels to a comfortable level before running the
SIN test.

2.3  Data Analysis

To evaluate if SRTs measured by the SIN test could predict the outcomes of pure-tone
audiometry, receiver operating characteristic (ROC) curves were computed for the SIN
test against the WHO criteria [8] for hearing impairment as gold standards.

The WHO criteria are shown in Table 1. The higher the grade of hearing impair-
ment, the higher the PTA, defined as the mean of hearing thresholds measured at the
four frequencies tested. Accordingly, each ear was labeled in a binary way: “1” if the
WHO criterion was fulfilled (pure-tone audiometry failure) and “0” otherwise. The
number of ears that fulfilled each of the criteria is reported in the bottom row in Table
1. Only one ear had “severe” hearing loss and no ears had “profound” hearing loss.
Since the purpose of the study was to assess if a SIN test for screening could be able to
predict hearing sensitivity of individuals who seek for an initial indication about their
hearing loss, criteria (3) and (4) were considered out of scope, since they are related to
significant (disabling) hearing impairment, whereas criteria (1) and (2) were addressed.

The SRTeutofr of the SIN test was varied from 10 to -20 dB SNR to build the ROC
curves. Ears that obtained a SRT < SRTcutofr were classified as “pass” (i.e., good speech
recognition performance) and those who obtained a SRT > SRTcutotr as “fail” (i.e., bad
speech recognition performance).

The area under the ROC curve (AUC), its 95% confidence interval and the test ac-
curacy were computed for criterion (1) and criterion (2). The best candidate SRTcut-oft
for the test was identified as the point on the ROC curve closest to the ideal (0,1) point,
and the resulting sensitivity, specificity, and accuracy of the SIN test were addressed.

Table 1. WHO criteria for hearing impairment. First row: WHO criteria as related to PTA. Sec-
ond row: grades of hearing impairment. Third row: number of ears fulfilling the correspondent
criterion out of the total number of ears tested.

WHO eriteria (1) PTA25 (2) PTA>40 (3) PTA>60 (4) PTA>80

[dB HL] [dB HL] [dB HL] [dB HL]
Hearing loss Slight/Mild Moderate Severe Profound
Number of ears/
(ITDET OF cars 31/91 7/91 1/91 0/91

Total number of ears

To further investigate the relationship between SRT and PTA, a generalized linear
model (GLM) was computed. SRT and age were considered as predictors and the binary
result coming from the WHO criteria was considered as outcome variable. Age was



also addressed as possible predictor to evaluate its possible influence on the probability
of fulfilling the WHO criteria. Due to the binary nature of the outcome variable, the
logit function was chosen as link function for the GLM. The significance level a was
set at 0.05 throughout the study.

A preliminary evaluation to assess the repeatability of the SIN test in terms of SRT
estimates and in terms of ability to rank each ear into the same class (“pass” or “fail”)
in repeated measures was carried out on 20 ears, one per subject, 10 from each group
of participants. The Spearman’s rank-order correlation coefficient was computed be-
tween test and retest SRTs and the Cohen’s Kappa statistic (k) was computed between
test and retest SIN binary outcomes (i.e. “pass”/“fail”) as a function of the SRTcut-oft.

3 Results

Table 2 shows the age, the HHIE-S score, the PTA and the SRT obtained in the YA
sample and in the UA subgroups defined by the WHO criteria: criterion (1) (UApta<2s
and UAprta>25) and criterion (2) (UApra<40 and UApra>40).

Table 2. Mean, standard deviation and range of: age, HHIE-S score, PTA and SRT in YA and
in UA subgroups, classified based on the WHO criteria (1) and (2).

YA UArra<s UArra>2s UArta<4a0  UApta>40
Subjects number 26 32 26 52 6
@mhH (1115 (14/18) (9/17) (20/32) (3/3)
Age mean 24.2 54.81 66.23 58.92 70.33
[years]  (s.d) (0.60) (14.81) (7.93) (13.46) (6.41)
range 23+26 24+179 48+80 24+79 63+80
HHIE-S  mean 0.0 6.37 11.78 7.52 19.20
[score]  (s.d) (0.0) (7.08) (10.86) (8.26) (10.45)
range 0+0 0+30 0+36 0+34 836
PTA mean -0.5 21.29 37.90 26.91 48.21
[ABHL]  (s.d) (6.46) (2.79) (7.90) (7.58) 9.15)
range  -10.0+-20.0 16.25+25 26.25+67.50 16.25+40  41.25+67.50
SRT mean -15.3 -11.24 -6.77 -9.77 -3.61
[dB  (s.d) (1.87) (4.01) (6.87) (5.55) (6.81)

SNR] range  -18.7+11.8 -17.75+-1.25 -18.25+9.75 -18.25+9.75  -15+6.50

Figure 1 shows the ROC curves and the candidate SR Tcut-ofr associated to criterion
(1) (panel (a)) and criterion (2) (panel (b)). Table 3 reports the relevant parameters as-
sociated with each ROC curve.
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Figure 1. ROC curves related to criterion (1) (panel (a)) and criterion (2) (panel (b)). The black
cross mark represents the point closest to the ideal (0,1) point and is associated to the candidate
SRTcut-ofﬂ

Table 3. Values of SRT.uwfr, sensitivity, specificity, accuracy, AUC and AUC confidence inter-
val (CI) for criterion (1) and (2).

WHO criteria Criterion (1) Criterion (2)
SRTcutofr

[dB SNR] 95 -7
Sen[s(;zl]wty 68 36
SpeE:Oi/gcity 80 33
AC‘[:(}/‘:]“Y 76 82
AUC 0.79 0.83

AUCCI 0.70-0.88 0.74-0.93

The GLM highlighted a significant contribution of the SRT in predicting the grade
of hearing impairment for criterion (1) (p <<0.01) and a significant contribution of the
interaction (i.e., the quadratic term in the GLM) between age and PTA (p << 0.01),
whereas age was not a significant predictor (p = 0.20). For criterion (2), the GLM
showed that neither SRT nor age nor the interaction between SRT and age were signif-
icant predictors of PTA (p > 0.05).

The preliminary analysis of test reliability from the subset of subjects in the YA
group (YAuw) and in the UA group (UAvr) who underwent the SIN test twice is shown
in Table 4. The Spearman’s rank-order correlation coefficient was found equal to 0.72
and Cohen’s k was equal to 0.83 for criterion (1) and 0.64 for criterion (2).



Table 4. Mean, standard deviation and range of: Age, HHIE-S score, PTA, SRT and SRT abso-
lute variation between test and retest trials of YA and UA tested twice.

YAu UAu
Subjects number 10 10
(m/f) (4/6) (3/7)
Age mean 242 60.80
(s.d) (0.79) (10.53)
ears] range 23+26 42+80
HHIE-S mean 0.0 8.4
(s.d) (0.0) (10.49)
[score] range 0-0 12
PTA mean 1.87 29.62
(s.d) (3.13) (7.24)
[BHL] e  -125:875  20:4125
SRT test ~Mmean -15.77 -11.02
(s.d) (1.98) (5.88)
[dB SNR] range  -18.75+-12 -18.25+0.25
SRT retest mean -15.25 -12.02
(s.d) (1.20) (4.38)
[dB SNR] range 177541325 1725235
e TR 147 s
variation (s.d) (1.04) (1.63)
B SNr] onee 05733 0.25+4.75

4 Discussion

In this study, we performed a preliminary evaluation of a novel language independent
SIN screening test in terms of predicting the degree of hearing impairment based on the
estimated speech recognition performance and in terms of test reliability.

As a first step, we investigated the relationship between SRT and PTA to assess if
the SIN test could predict the possible outcomes of pure-tone audiometry in terms of
degrees of hearing impairment, as defined by the WHO criteria for “slight/mild” (cri-
terion (1)) and “moderate” (criterion (2)) hearing loss. As shown by Figure 1 and Table
3, the AUC and confidence intervals were high for both criteria, suggesting a satisfac-
tory performance of the SIN test in predicting the pure-tone audiometry outcomes. As
expected (see Table 3), the candidate SRTcutofr for criterion (1) was worse (i.e. 2.75 dB
SNR higher) than the SRTcut-ofr for criterion (2), mainly due to the fact that criterion (2)
is aimed at classifying higher degrees of hearing loss.

As a second step, a GLM was estimated by considering SRT and age as predictors
and the PTA outcome as the binary output variable of the model. For criterion (1), the
SRT and the interaction between SRT and age were significant predictors, whereas age



alone was found to be not a significant predictor. This suggests that the SRT is signifi-
cantly related to PTA, including in combination with age, whereas age alone could not
predict the success/failure in the pure-tone audiometry criterion. For criterion (2), the
GLM showed that none of the variables was a significant predictor. This may be related
to the fact that hearing loss increases from criterion (1) (“slight/mild” hearing loss) to
criterion (2) (“moderate” hearing loss), and consequently the relationship between SRT
and PTA becomes weaker due to the increasing involvement of higher level centers and
functions (e.g. auditory processing, short-term memory, and so on) [12]-[13]. Moreo-
ver, this may also be related to the fact that the distributions of PTA and SRTs become
wider as hearing loss increases, due to higher inter-subject variability [14]-[15].
Lastly, to analyze the test-retest repeatability of the SIN test, i.e. the ability of the
test to rank ears in the same “pass” or “fail” class in repeated measures, a subset of
subjects in the YA and UA groups performed the SIN test twice. As shown in Table 4,
the mean SRTs measured in test and retest trials were similar and the mean absolute
SRT variation between test and retest trials was low (i.e. 1.47 dB SNR in YA and 2.25
in UA). Indeed, this variation is lower than the just-noticeable difference in SNR for
speech (i.e. 3 dB SNR) [16]. This result suggests a good performance of the test in
repeated measures. The Spearman’s rank-order correlation coefficient between test and
retest SRTs was high, reflecting a strong relationship between the test outcomes in re-
peated trials, i.e. a high intra-individual repeatability. Similarly, the Cohen’s Kappa
showed a near perfect agreement for criterion (1) and substantial agreement for criterion
(2), suggesting that the pass/fail outcomes of the test are reliable in repeated measures.

5 Conclusion

This work presents the performance of a recently developed automated, language inde-
pendent SIN test in predicting hearing sensitivity. The SIN test showed a good perfor-
mance in terms of reliability of SRT estimated in repeated trials and in terms of ability
to predict pure-tone audiometry outcomes, particularly for subjects with “slight/mild”
hearing loss. Further research is needed to fully validate the SIN test by investigating
in a larger population PTA-SRT relationship and test performance in ranking subjects
even more impaired than those already tested.
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