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Background and Objectives Hearing loss during school age can adversely impact lan-
guage development, academic performance and social functioning. Early detection through
accurate screening is therefore essential. However, conventional school hearing tests in Korea
are limited by low sensitivity and lack of standardization. This study aimed to evaluate the
validity of a tablet-based pure-tone hearing screening method implemented in real-world
school settings.

Subjects and Method A total of 207 students (414 ears) from elementary and high schools
participated. The screening procedure involved presenting pure-tone stimuli at 25 dB HL
across four frequencies (500, 1000, 2000, and 4000 Hz) using a calibrated tablet-based device.
Screening outcomes were compared to those obtained from a gold-standard clinical audiome-
ter (Interacoustics AD629). Predictive values, Cohen’s kappa, and receiver operating charac-
teristic (ROC) curve analysis were used to assess diagnostic accuracy, agreement, and dis-
criminative ability.

Results The tablet-based hearing screening demonstrated high diagnostic validity. At the
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kappa coefficients indicated substantial to perfect agreement (K=0.80—1.00), with perfect
agreement (K=1.00) observed at all frequencies. The area under the curve was 1.00 across all
frequencies, reflecting perfect discrimination.
Conclusion The findings support the validity of the tablet-based pure-tone screening meth-
od for application in school-based hearing assessments. Its high diagnostic accuracy and
strong agreement with the gold-standard audiometric test highlights its potential as a reliable
and scalable alternative for enhancing current school hearing screening practices.
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Fig. 1. Screenshot example of the easyTone screening interface. The interface displays selectable test frequencies, real-time ambient

noise indicators (green, orange, and red), and user-friendly controls.
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Table 1. easyTone’s color coding criteria for noise intensity levels

Color Noise intensity level range
Green 15 dB < Noise Level < Max. Level -3 dB
Orange Max. Level -3 dB < Noise Level < Max. Level
Red Max. Level < Noise Level

Table 2. easyTone’s maximum allowable level for 25 dB HL
screening

Frequency I:lfg:zr:‘;r Aﬂigfuoehon MPANLSs
500 Hz 25 dB HL 42.1 67.1 dB SPL
1000 Hz 25 dB HL 45.4 70.4 dB SPL
2000 Hz 25 dB HL 57.6 82.6 dB SPL
4000 Hz 25 dB HL 54.8 79.8 dB SPL

MPANLs, maximum permissible ambient noise levels.
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Fig. 2. Demonstration of hearing screening using easyTone at
high school in Seoul. The participant is seated in a quiet classroom
and wears earphones connected to a tablet device. The screening
follows a fixed sequence of frequencies (500, 1000, 2000, and
4000 Hz) for both ears. When a tone is heard, the participant rais-
es their hand to indicate detection. The examiner monitors ambi-
ent noise levels via the device and provides instructions as need-
ed. This setup reflects the actual procedure used in school-based
hearing screenings.
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Table 3. Sensitivity, specificity, and predictive values according to frequency and participant-level in pilot study (n=114)

500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz
Sensitivity 95.8% 96.4% 98.5% 98.5% 95.5%
Specificity 84.8% 98.2% 93.6% 93.6% 92.0%
Positive predictive value 82.1% 98.2% 95.6% 95.6% 97.7%
Negative predictive value 96.5% 96.5% 97.7% 97.7% 85.1%
Table 4. Participant demographics Table 6. Diagnostic agreement between tablet-based and stan-
Elementary school High school dard hearing tests (Cohen’s Kappa)

students’ ear
(n=130, 260 ears)

students’ ear
(n=77, 154 ears)

Age (year) 10.42+0.5 17+0
Sex
Male 40 103
Female 37 27
PTA (dB HL)
Right 5.1+£3.5 4.3+4.1
Left 4.6+3.7 4.1+4.6

PTA, pure-tone average; calculated as the average threshold
at 500, 1000, 2000, and 4000 Hz.

Table 5. Sensitivity, specificity, and predictive values according to
frequency and participant-level (n=141)

500 Hz 1000 Hz 2000 Hz 4000 Hz
Sensitivity - 100 100 100
Specificity 100 99.8 100 100
Positive predictive value - 66.7 100 100
Negative predictive value 100 100 100 100

Sensitivity and positive predictive value for 500 Hz could not be
calculated due to the absence of true positive and false neg-
ative cases (0/0).

A 2] (pure—tone average)
1+35dB HL, &= Fol|

4.6 A58 742 43+4.1 dB HL,
4.1+4.6 dB HLZ Z4=|3IcH(Table 4)
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™, AZ&(false negative)> VFEFLA] kot ofof whet
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100%2 WERgTE 2000 Hz9} 4000 HzollAe 22t 2719
ZrFAnE FRIE|G o, ARG T ARG/ LAYSHA] &
o} WiztE, Eo|%, PPV, NPV E% 100%= EA= i)
500 HzollAl= & Abel|7F Sh1E]A] egkom, = Avprt
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Frequency Pa Ple K Agreement Level
500 Hz 1.000 1.000 N/A -
1000 Hz 0.998 0.998 0.799 Substantial agreement
2000 Hz 1.000 0.995 1.000 Almost perfect agreement
4000 Hz 1.000 0.990 1.000 Almost perfect agreement

Pa, proportion of observed agreement; Pc, proportion of
agreement expected by chance; K, Cohen’s Kappa coeffi-
cient; N/A, not applicable; no positive cases were observed,
resulting in division by zero during calculation.

Table 7. AUC of the tablet-based hearing screening by frequency

Frequency AUC value 95% confidence interval p-value
500 Hz 1.00 Not applicable N/A
1000 Hz 1.00 Not applicable N/A
2000 Hz 1.00 Not applicable N/A
4000 Hz 1.00 Not applicable N/A

AUC, area under the curve; N/A, not available due to perfect
discrimination.
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Table 8. Comparison of international school-based hearing screening guidelines

Authority Target age group Equipment standards Frequency (Hz) Ir(wot“e;n:LT)y Pass criteria
American Academy  Children aged 3 years Calibrated audiometer 500, 1000, 2000, 4000 20 1 presentation,
of Audiologym and older meeting ANSI S3.6; 1 response per
supra-aural or insert frequency
headphones
recommended

Preschool and
school-age children
(=3 years)

Georgia Department
of Public Health'
supra-aural

Calibrated audiometer
meeting ANSI $3.6;

1000, 2000, 4000 20 2 presentations,
2 responses per

frequency

headphones required

Preschool and
school-age children
(>3 years)

Oklahoma State
Department of

Health'® supra-aural

Calibrated audiometer
meeting ANSI $3.6;

1000, 2000, 4000 20 1 presentation,
1 response per

frequency

headphones required

Sweden (local
Municipalities)'

Varies by region (at
least once in
elementary or both

elementary and headphones
secondary levels) recommended
Ministry of Health and  1st and 4th grade Not specified

(elementary), 1st
grade (middle and
high school)

Welfare, Republic of
Korea'?

Calibrated audiometer
meeting ANSI $3.6;
supra-aural or insert

500, 1000, 2000, 4000 20 or25 1 or 2 presentations
and responses
(varies)

1000 40 Not specified

ANSI, American National Standards Institute.
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