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Abstract

This study aims to conduct a case analysis of the Mandarin pronunciation errors of two hearing-
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impaired senior high school students with cochlear implants, using the acoustic analysis software Praat.
First, the study improves upon Zhu Chuan’s (1997) One Hundred Character List to design a new set of
test characters. Subsequently, through auditory discrimination and analysis using Praat, the speech
recordings of the two participants are examined. Their spectrograms are compared with standard pro-
nunciations to systematically identify and summarize the characteristics of their pronunciation errors
from three dimensions: initials, finals, and tones. The study finds that the hearing-impaired students
commonly face difficulties in areas such as distinguishing between apical and retroflex consonants,
voicing, aspiration, tongue position control, diphthong movement, and nasal finals. Based on these
acoustic analysis results, the study proposes a tiered and graded speech perception training program.
By incorporating tools such as the “Yinshu” App, the research aims to provide more precise and practi-
cal methods for speech instruction in the field of special education.
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b T L B A5 A HE AT SE A T W AR T 25, S5 O e, IR B T 45 S 7
“E N BER, AR AT AL T K O RN S A I —— B A
R [1], B RE RGNS, IS USRI R WG . DI, 7E07 AR 115 R I 0
AR IE T 15 5 1-4ha 1.

T, EAERESECESIM T ORI, EEAARY. Bif. PSR SIEHA2. 27k
FOT LR BRI, KRR, N2 BORAMAR 2R, E S XU .

AR, B TR, Praat 25PN, 9B AL AL IR G T HOR SR, ACSCER
GEF A VR HOF ISR, IR T ST Praat 31 NFUE I T ATIE, DU R R T T
SRS MR, W TR E MG R . AR B T EERE L.

T, ABFFEL) (EFFR) R ERATEOPEEGE, R4 CR AN THE, AT 3
U S BT A B S0 0 5, R Praat BEE0 H R B AT B 40T, SRR R TR AT BRI LL, 7S
BE.BIRE. 75 =07 TR\ S W7 I A B 5 R O E B RL, R L B BN T 2, LA
R ATUSR I VR SO AR M TR R, VD Se B BT I AR S R 3 . B A A2

2. IR

MG S E S IR, WTRaA G i) 82 B Fr oyt . 1T 10 452k, [E W AMIF LS & iR S 540
MrAE S ZF S THEE MR, AR ERE T EEIEAR.
2.1. MR EERIREZSTHAR

AAEER, S 22 7 B R SR T B 2R 18 5 R B FE S 1 B e . 5K ZE 48 N(2017)% CfE
ANTHEH LT A BERING, $8H “fEead i, M2 EN GRS SR &S fE ) LE
BOEFERIRERINGR. 7 315Kk EF5NQ019)% LIl 64 4 3~23 5 TS W & B Wr B A= 1) 75 BETT M7 2
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BEAT TR, RS E R R KR EAE R, WHENEEHRZ. [4]

SR, HHTORFAIAAAE DL R AR 2 Ak — AT AR R UJLE N, P B L (6 7 22 0 A ik S A
e, TRAEESNT S BN AREEAL . WP Z LT R RRHE R E M AT, B> LRI b
BOF AT AR T EE TS, BT “air 2. TS MR, =R AL A 22 R EORE SRS
R AR IR FUR SR o WIAAPRE 75 22 0 A BOR BN B A H RS 5 07, MR RGN SEBIR R

2.2. REAEFHEMR

EHFE R AR SE AP AR RS [ CSOERAE” ARG o HeE R
b, BERF R T Z ISR E B A1, EKFT(2013) 58 K I GRRLAE P EE, e 2 TSRS ]
LR, W2HTE MBS TR, AWEEIN ARV ECEE NGRS . i, EE (2024) R
DO R AL AR N TR REROR TR T N DGR e B2 R4, e EE OB RER
ANE B TR TE R I ORI A T TEALAI B, AT RO R 5 5 1R B AT AL 2 6] Ding 55 \(2025)
WAL, TS & T AN AN T HIW G E ) LE RN JIZ, o] 838 T A 385N 1)
e 3 1 P O ROR (7]

SR, HBTRTFLOAAAE LU R RS 24k Ho—, IBE RIS 5 202 T I A MR TR, Sz “Hl
W -2 - Nk - Ja - P2l R RIS . T, BRI B TR SRS AL, 2R
CHRZBEARRGPOT AR, BE —LRBALIRTRMVCECEE . UM AT 5154k DLR K R B AT AT
VEATS A o S80I

ASCAERTNBE FEAER L, I Praat S35 5 A0EE T B MW b A i 5 i i, RO I 9 05 Qe A0 s
AEREAL T, AR (1% 45 R E TS AR T 58, DR RS A 1R & e iR ft st R TR 2

3. ITEEES ) EEE
3.1. FENRIEREF

1) ASCH IO TR E F A DA N TR BN 5 B BRI A BRME < 50 dB (P EERT Jr4i ok
FeUAR) REWs A G BEAT BEAST AN 2 AW AN SR R o Bl sy b b 2B, B4, &
1 4.

2) BT BRI N 17.5 %, R IRIEIER . Jods T i ¥ AT .

3.2. #RHERL

AR FENHTIE R R F AR GG, FEANTREIN Dy, LA AL & A 1 & I R 10
EE R B THERZH T —F 5, B, AT R AR AR R B A 1R 5 AR A,
7]~ REAR AT BIDOESF & AR Z R AR, B0k, Fif, [ BRI sa. A, BRI

ARINA997) &AL (HMEE A DOE & A 05D it (AR (Wl 1), K5 S mi %
e, WHE T 15 AMESRIINIX, HORESNEDUEY S R E SN, B B8],

H T B A 45 B A AR DO TR A8 SIS B3 E . ASCRESER N 2B (A7 R) o (HIb 7 RAESLPR
AR A AN E A TR 15 AR X AL SE S22, $TEL 1A R RS BE A 5 AL
WY, AEF A L BB AL, R T FRNREE M EE T R A A A AR, AMEAERTH
WEELZHT, SEFRPFHR: /RT3 (FFR) h#tE, AR I H IR
figeitanlsl 2) (9], EERPIEEATRARL, METIKE 5IEF 208 K 00E; D02 7R sl
DX ¥ BRI AL RS S AT P e SR, SCIREE R B R R .
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Figure 1. Hundred-Character table

E1. (BF%)

I HE H HI HI

ou 3 Un 2 ou 3 g 5 n 3
ia 0 ang 2 ia 0 k 3 1 6
ie 1 eng 4 ie 1 h 2 ch 5
ua 1 ing 2 ua 1 J 9 sh 7
uo 3 ong 3 uo 3 q 4 i 2
e 2 ian 3 te 2 X 8 z 4
iao 1 uan 1 iao 1 zh 4 c 1
iou 1 uen 1 iou 1 b 7 s 3
uai 1 tlan 1 uai 1 p 3 iR
uei 2 iang 2 uei 2 m 3 A 18
an 3 uang 1 an 3 f 2 BH-F 20
en 4 ueng 0 en 4 d 6 LA 27
in 2 iong 1 in 2 |t 2 X 33

Figure 2. Frequency distribution table of consonants and vowels

E 2. FRSHIDAES TR

ARG EE AW A SPRIE G, A CEER) M7 E: —RIAEA B, P A TR
Ay RKE CMBEMNERX T SO “CEALERIX 7, BN eE AL AT A B K =R NS
5 “EHFENARX 7 A I8 “SIREIRRIX 7, snarnn S s g oo, DME ARG S sh A DU R
FMRX " BOh “HHZHWIRX ", FRmIRMRATEE; 12 hreR) %8 (ORDUEHE TR (2012
FEBITHOM (EPRERRIR) 7S AT bR E K 3).

SO R I FREERE T IR 15 MHMEAMNRIX, IR T EMITE. EooE s BEIE
FAREE T A RER S AL AN B B, AERE R IR T R RER AL X, R AR
B, (HeER) it 25 %, REFWERE (BRXFEEIESCRERE HFER) (2016), FFE WAL

bRk
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da Lé nit 10
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zhi chi shi reé
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2 qing xi_&::)
5 = =] 1
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| R b9 ®r
[kua® ] | [khan®] | [xen?*]
yao v R ér
& % | & E
[ ia USS ] [ UDZM ] [ yZM ] [ QrZM ]

Figure 3. New character table

B3 (#FHFER)

CHrrR) M s alx .

1) FEERX
WEMKIX : V5
AREMX BRI 2 5+
SIINIRIX . B34
THHINRLX 3552
BRI BESE T

w KX SEFR

2) BIRHINAX

AL BRI . 155255 e AR
EHMRKX: B
FasE X . 15
EFEMX : SERRER

I LR X A
SEIBRREINRIX . PESS S IR
3) FIRMNKX . FE4R5T 4R

4. BEHEBEZSH
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Figure 4. Phonetic labeling diagram
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Figure 5. Preliminary analysis diagram of the male subject’s phonetic errors
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K H
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Figure 6. Preliminary analysis diagram of the female subject’s phonetic errors

B 6. #id ZBF MRS D IE

4.1.1. E¥RTER
1) #ikH

— A
ik HHEATE AN, 5 gkh AR
BIRE: BBBRER B B S AR B 2E
[ 15 22
2) #ikZ
— 2
Y PP BN
5 ARG
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4.1.2. ESH
1) #k5H

© A FREREN, AT 7 A, T R SRS 6 R T A A

PSR R, SRR “gi” &. HENTTREH T 07 5L iR
@ . #k “u”
@ R: EFRE “n” WORR RACIE EVGTER, A1 S AL 5 S AR Y A 2
@ . BIRE “o”
2) #idZ
© % PPk ERNEFR, EAEHZE TREES.

CEBEAR, FEkoRMGES, BIE “o” KENIERME, M55 E A

BRI, R “a” HERE “o” PO, B —8, K&EAEL.

@ +: HERfEHE “sh” HERANE “s” WE, MPE A, MR T F TR mRE.

@ R: b B THBOR I A S B0 T AL
@ 1. LN ER, FHEAKEAM.

4.2. Praat BmESHT

W Ch B i R 5 A S bR HE I TS AN Praat BMF, ST BRRID, WAGER R

B AT A B FIRE AR B
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Figure 7. Distribution map of speech error difficulties for the male participant Praat
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Figure 8. Distribution map of speech error difficulties for the female participant Praat

& 8. #ik & Praat IBZRIRME S5 E

DOI: 10.12677/ml.2026.145457 767 PARIE = 2


https://doi.org/10.12677/ml.2026.145457

2) MM

@© 4. BBEE, Polss SR E AR ETHEAE R RES, AR i R AT, R
g “i” REATE, ST,
@ - AR, BRJEE “sh” EIEE ERAWES, RERELEG BB E I, MR

R R NI

“Sh” 5 “S” ?Eb:]%(}

@ . WL, BOlsE LRI T 22, TEWIRA, R E N H A ARG Z A, SR

AL, i E T, gokk kAR E N EAE.

@ 1R: BBE L, P — SR 26 T 22, &0 TC B AR, RSB B S S AR R R
A b, #k EE RS EABA R, TREEK, SEER R LR
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Figure 9. Summary table of male subject
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Figure 10. Summary table of female subject
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Figure 11. Summary table of bias statistics in the test area
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5. SREE

FaR R AT A IR, Wy R AR B R R, TR AR R FETUE, ASCRAD RO EH
FO, KRR, FIH Praat 54, Wk HIE S EAIZ T %

5.1. RS EHF T

W W B 2 U R R A1) — SRR, RRRAR R A A R, AR R R AU, BOG I A TG OR K
ST AR LEARHE TR 5 A 22 S =R i, R BILLU TR IY R

—IRE R
FRE: ERATE 5 R)E E R
THE ML

I E RIS E R E
BIRE: EALRTSE . R A

S EHREEA L
S RS IR AR 1R [ i
RE R

Pl JEHRE . BERENES
#IEE: EEA L

A A5 ESERE
ZRE R

bl BRI NAHR

BESEWE 4TS

“f7 5 HAl AR BUR WO
BIRE: o AL
AR E A
B K HA P

A B ETBRIHEA 2

5.2. IBE RHENIZ

5.2.1. EMIEF L

TERARIE SRR B, WrBE AR AR B CORTImiR oAl S, R LTk N 3% (1 app HEAT
AECERIEBE BIBE FEIRINZE, 0 FI0TIEAN T iR aL, 95 AT

%15 app MIENThERIREE “& - W - A) - 37 AT, B R A RIKCEIT A IR R (i
Bl 12 FoR) & PP BOHE R & RN T el BT S B S RS B, RERe 5 BT 2k B2
B SRR, WEmER. FEA SR E A, WA T DU IR R S B R, X RERE I T W
AR, SCREHHTAMEIL ISR, REMEAT R Wi B AR 1 2 S R
5.2.2. BEFBFIL

W i A= 56 SRl S U R )5, RN H B8 S IR B 1R IX — B B, Wr kA= R Praat B FRALMI,
RIUHT R e, ISR, BAPRIT.

(1) EETHeRTgR], Wtk YGRS A0
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(2) BMRe W f EF TN Praat AT S5 -
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Figure 12. Yinshu app language training interface
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WA IR T 5 8CE TR AR . R R RS P BT B, SR T IR B SN
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