In this study, an automatic speech recognition (ASR) for speech sound disorder evaluation was developed to

detect articulation errors in children
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The study targeted children under 18 seeking rehabilitation for articulation issues, excluding those with intellectual
disabilities, autism spectrum disorders, motor speech disorders, severe speech intelligibility problems, extensive time

abroad, or severe speech impediments

» Automatic speech recognition model

This Is an end-to-end model, pre-trained using Mel-
frequency Cepstral Coefficients (MFCC). The original
training dataset consisted of 436,000 hours of adult
voice databases. The model was further trained using 137
hours of speech data from typically developing children

and 93.6 minutes of speech data (6,935 words) from
children with speech sound disorders.

A total of 30 children with speech sound disorder, including 10 females, aged 3-7 years, took part in the tests. The
reliability between the SLPs and ASR model for both the percentage of consonants correct (PCC) and the
percentage of vowels correct (PVVC) was assessed as ‘very good reliability (0.81~1.00)" for both APAC and UTAP.

» Evaluation on the model performance

Two Korean standardized speech sound disorder
tests, APAC (Assessment of Phonology and Articulation
for Children) and U-TAP (Urinal Test of Articulation and
Phonology), were used In the study. The participants'
responses were recorded using IPhone 10. The resulting
transcriptions of the ASR model were compared with
those made by speech-language pathologists (SLPs).

Table 1. Reliability of children's percentage of consonants correct and percentage of vowels correct assessed by SLPs and ASR models

Test APAC UTAP Test APAC UTAP

Evaluator SLPs ASR SLPs ASR Evaluator SLPs ASR SLPs ASR
Average M (+£SD) 74.76% 76.71% 73.88% 76.05% Average M (+£SD) 84.17% 85.17% 79.67% 80.33%
Percentage of (+£15.21%) (+15.20%) (£16.13%) (£15.26%) Percentage of (+£10.91%) (+£10.38%) (+£10.33%) (+11.59%)
consonants  ||cc vowels 1ICC
correct (95%Cl) 0.984 (CI: .953- .994) 0.978 (ClI: .941 - .990) Correct (95%Cl) 0.929 (CI: .853- .966) 0.838 (ClI: .659 - .923)

The phoneme error rate (PER) was 11.5% for APAC, and 12.22% for UTAP which represents the percentage of
Instances where the transcription of the ASR model and SLPs were differed at the phoneme level.
The total number of ASR recognition disagreements transcribed as correct pronunciations by SLPs averaged 2.37

occurrences per child in APAC and 2.7 occurrences per child in UTAP.

On the other hand, the total number of ASR recognition disagreements transcribed as incorrect pronunciations by
SLPs averaged 7.8 occurrences per child in APAC and 7 occurrences per child in UTAP.

Table 2. Common ASR disagreements transcribed as correct
pronunciations by SLPs

APAC UTAP

NTarget | Phoneme ASR Frequenc | Target |Phoneme ASR Frequenc

0 'word In error* | transcript|-y word In error | transcript|-y

- [IPA] -1on (%) [IPA]* [IPA]** -10n (%)

13&4 2] Omission |4 FH ZH ~ k] Omission |4
[hwadzan (5.26%) |[tsekisek] (1.90%)
c1l]

2l = AE L [n] Omission |3 = o [m] Omission |3
[nunsara (3.94%) |[saum] (1.42%)
m]

3=AE o [m] Omission |3 2 = [K] Omission |3
[nunsara (3.94%) kewurim] (1.42%)
m]

4otda |=[dz] |=[d |3 1% o [m] |Omission |3
[hwadzan (3.94%) |[kwirim] (1.42%)
cil]

5/ [kbap] | & [p] | Omission |3 A [kwi] | [K] |=[dz] |3

(3.94%) (1.42%)

Table 3. Common ASR disagreements transcribed as Incorrect
pronunciations by SLPs

APAC UTAP

N Frequen- Frequen-
Target Phoneme SLPs ASR . g Target Phoneme SLPs | ASR N g

O word i error* | Transcript transcripti |CY word i errop** | Transcript transcripti | CY

[[IPA] i-on -on (%) [IPA] -ion -on (%)
)| 6 S= .

1 = | Omission | 2 [I o o [m o
O & 5 = 5

2 = [l Omission | = [| = || Omission | 2 ||
Fipal] [1] [1] (2.14%) l[Jla/vem [1] [1] (2.38%)

[Ty
35 S v i S sk o F) Omision s[5
- M = ’ mission

walgi] | | I 1 2.14%) IE%““SA P Pl (1.90%)
=t = [+gh ~ e |2 = = [+gh = [+gh 4

) [tants"u] =t ] = s (1.71%) |[tants"u] =t s s (1.90%)
=S RH KM

S\ [nunsara | = [N] Omission | - [n] (1.71%) ['E]S"c‘k_{s"é " omisston | 7 [ (1.90%)
m] k '

* The phoneme In error refers to the phoneme in which the result of ASR differs from that of SLPs. The SLPs transcription matches the phoneme in error;

APAC: Assessment of Phonology and Articulation for Children; UTAP: Urinal Test of Articulation and Phonology; SLPs: Speech Language Pathologists; ASR: Automatic Speech

Recognition model; IPA: International Phonetic Alphabet

Conclusion

The model had reliability over 90% In agreement with SLP transcriptions. This suggests using such a model In
speech-language pathology Is promising.
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