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Research on Mandarin vowel and consonant perception based on
comparative analysis

Guzalnur Dilmurat, Gulnur Arkin, Mijit Ablimit, Askar Hamdulla
(Institute of Information Science and Engineering, Xinjiang University, Urumgqi 830046, Xinjiang, China)

Abstract: Speech perception research is one of the main research contents of phonetics. The purpose of this research is to
understand the learner's perception of Mandarin vowels and consonants, and to provide a reference for Chinese teaching,
broaden the application field of speech learning models and reduce the blindness of teaching. According to the theoretical
model of second language acquisition, this paper uses experimental phonetics and statistical methods and designs identi-
fication experiments and distinction experiments to study the perception abilities of vowel, consonant, plosive, fricative
and affricative for the 20 Uyghur college students who are at the advanced and junior levels of Putonghua respectively. The
identification experiment examines the learner's perceived response time and perceived accuracy of vowels and conso-
nants. In the distinction experiment, the spectral distances of vowel pairs, the spectral distances of consonant pairs and
their duration differences are calculated to analyze the learner's distinction ability. The experimental results show that the
ability perceiving vowels and consonants of the advanced level learners is significantly higher than that of the primary lev-
el learners; the learner's response time to the vowel at the back of the pronunciation is fast and the perception accuracy is
high, however, the response time to the vowel at the front of the pronunciation is slow and the perception accuracy is low;
in addition, the recognition accuracy of the affricative is high, and the lowest is for the fricative; the differences in the spec-
tral distance of vowel pair and in the duration of consonant pair affect the learner's distinction ability, but the spectral dis-
tance of consonant pair is not closely related to distinction.
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B AERFAE ST 0 B G T Ok AR I AL S R Sk e TR
W A EF 2 MMM ERROEHES BT
(L2)if ¥ RIS 32 kAT T 00l —Seit 7R B,
JRANTESE BB 7= ol s A E Y,
T I S IR EN A 2] 3 R B N AR RS
I A A .

RICMNEFZWMEHR, KHAALR
(Identification task)F/I[X 4} 525 (Discrimination task)
M VRN B G B TS /al, fol, s/, N, Iyl, ARG
F AN ZRLARR A/, A HBIRALE Zi, ci, si T, A/
ILTE zhi, chi, shi, i H), Xt /ail, /ei/, faol, Jou/,
/uol, fial, fiel, lua/ VA J 5 815 £ (/b/, /d/, 1g/, Ipl, 1Y,
k), FEBEZ (20, /21, 1jl, Iel, I, 1q)), 35 (/x/, /sh/,
I8/ AT R SIAE 9T o BT DAAE RE A5 S8 135 T 3 FNGl
AN ZR, FEAR SO ER 1 Jos MO R A
T AGRREZ RIBE R R, MAE 75T A
FEFESE —AB S R R e

1 sEE it

1.1 SLIENR

AW I IR E e E i X-perception T H g A
THE . NSEIG 4 R IR W5, HRHASZIR A
X 7> SEB6 A8 MR 125 S 3 o A IR 2S5
A L () 3 R A R FITWT 3 1) G S R o . TR
UE T BT 2 31 5 R AT — A B ) ) B ]
[BIRE, 15 B o MR 5 1 IR R, FEXsE
I BARHEAT 7 2000, B FAEAT P AN 8220 2 5
AN [ RO AE R R 0 22 B (F A8 2 RS
HaER, F EHERRBEMIATRNEERE, F
K, FoRrEREE, WA ERLT; P
el R 5L =5 KRR, PEANT
0.05, RrMAFERELESR, PE/NT 001, &
NP 22 AR R ).

X 7528 K AXB RSz, ek 2 LA
ABB, BBA, AAB, BAA Ufhan4 3, Hi AB
PSRN ER], IR X F 05 AB H A
HHIFE. SRR X %, SR A R, 223
FkfE A, W B —FE, piiks B . BB
TEF B G AR B R A S AR R S DA R K
ZERMTTE, RS H X 4 JuE MG S R

THE AT B S 7 BN I SREATR (), Fir
PAFH PRAAT 15 73 BT F A S bR A5 G0 135 11
77 E bR 05— LRI () R 2 LRI (F) .
FHERECH R 1) 70 & AR IE S B,  f) T AR S

Fs/-1i/~ Fsl-h) 2 A AT B S LA K fuo/-/o/~ /uo/-/ou/~
fa/-fial 2 [B) (AT RE BE B o FH o SR IR T B /s/-/c/,
ol-Ipl 1A=t Iql-Ix]~ Ix/-/sh/22 Ta) PRI R B B A i
K SHOT K72 R

THEASE IR ARA

Dy, =\(F,~F,)’+(F,,~F, (1)

Hrh: FERNE—BhioEsE kg FoR8E
Hroi 88—k F, N —HAbs o a8 Ik
U F, A Hinona o IR,
1.2 RFGER

AR AT B BB R AL TR ST =
X 4 ARRUEETE R NS AR R . ARG
TG BRI LI 256 MR SLIGTE B RIS (R
JCE)EL 8CUITL ) X 40ELE) X 40K & N)JFI 132 4
X 73 LIRS R [(11OTE A A) X4(mm2) X 3(K
BN B BN S B )2 72 DMHRA SRR T
I [36 ANCHFA SIS IR X2 ANOREN)]
A1 80 X 73 SKIRE F I [ 10CH H 46) X 4(fr %)
X2(REN)]e
1.3 SEIWIR

AR T BUAE RS Sy 20~24 219 20 S 7ERSAEIL
TERRER K22 EAE Wt FOR R BTN JBEte)™ . AR
P 2 21 3 1/ B B BUIE 7K P 25 425 3K (Minzu
Hanyu Kaoshi, MHK) & 2% 2] 5 73 AAKIK T2
mEACEA, AN 1 R,

F1 HWIKSEBER
Table 1 Details of the subjects in two groups

34 PN MHK &%
/K41 10 =%
EKCFEA 10 2%

2 R0

2.1 JTERASLIE
211 JLEHHAE

ARSI R 2 ST 256 E R R EOIAT H
Wr, JE TR e SR ) BT T 3 o IR I
IR [E] DA S HERf o 2 ) 30 A T B0 & AU
B BN S ST R A58 2 BT o

2 2 W51, TemK ARk A,
SR TCE fy/~ AR A NS, X G e
fal, lof, le/ PR N 27 2] 35 XT hual, /uol, fiel/Fl/ail,
Jou/ IR NSNS, XiF/eil, fao/ Rl al () J5 S AF S S bR
T DA b g BT DA 2 ) 38 0] G o RN
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*2 FTHEBRHK A E(ms) 100
Table 2 Perception response time to vowels (ms) © 75
HonE EAKTPE UKPE || RUtE EAKCFE RKCFAE g 50
a 40634 47616 ao 46469 55000 & 95
0 49635 50319 ai 48843 65309 0
e 44015 54267 ei 49604 61312 a o e u y 1 1
u 37817 42101 ia 42148 52141 i)
y 58271 73442 ie 55516 66479 B 5KF ORKF
i 46250 50622 ou 65774 68714 B 1 50 A e R
1 63510 83403 ua 49 996 57071 Fig.1 Accuracy of perceiving pure vowels
1 68465 76 392 uo 53193 73409
100
e 1A L RT3 (00, AT AT G35 R 5 5 R0 T LA g7
7 ST — S el = S0
EAE B i bW = I NG ﬁzs
MFE 2 38T LURCEI A7 2 38 0 X6 FH B 6 ) T,

JRAR NI A BT 225, OB R4S RIS T A
WiE R, 4EE/RIER 8 MELE, WAXNLHE. W
BB AMER LS, EBF 9 MRUCHM 4 4=
BILH . HILHE RE NSRS AL, OGS
TR, RENEH-NTER A - DNuEE
3o EBHESFH, HERAE TR TCEE A —
HILE, A HbRo S 2 WA i LR, et
i, ATTE MR EELBIEAARFEAL, JEHM
Hod—FE A sh B 5 — M AL, Bt E K ST
TG IS F ) i R B L B e e, B
PN TOE A — AN R, 5 — M AR
o MER TG BT 5 1 IR AR 52 7 e T R JE e Ay
RATAL, FEAXOGHE ST Y55 RIS ) & R 4
BHONES:, BT LA 3 5 X R S B
(BRI FHRREPRAXOLE, WH B2 EHE
HISLIR, T RS T 2R EL A 035 1 o

3 Ik R v 7K ST R 7K P 13 A ) G
R TG B B 5 ST (8] 43 Sl 335 AT B PR 2R 2 43T
BEILLUFER, T RS, KKF4: FQ2.23)=
4.12, P<0.01; @/KF4H: F(2.46)=3.86, P<0.01.
F UL AT DL 3K 7 21 2% 3] 3 7E BRL T 119 3 0 S . )
PR SR S [ AT T, £33
K4 F(2.23)=2.16, P>0.05; mi/KF4: F(2.46)=
1.21, P>0.05, HHULRTTEHPILLS ) HAERT0H RN
I 8] EANFAAE 2 2 5

1A 2 Dy o 38 il 13 B s 5 UG &
RS

B 1AL, KPR I F AT ey AR
JaTu o/« A/RIBRENTERA R UK, X5 TuE/als fel-
N0/ RHT TG A/ BRI HERA R B . RTTE A A
SEADCTE AR, FEEREEE R JeE,
TRILE MUEES R FRRFRT), TEESRR
RO B R R RR A, X HRE B 2/ el

ao ai el 1a 1€ ou ua uo
=1
B =KF ORKF
B2 XooE RATER 2R
Fig.2 Accuracy of perceiving divowels

/s/Fl/zh/\ Jch/< [sh/H e 2% 3135 W R BRHER A TR
JLE IR, XE R RS AL &
B 2 R B, B 2 JThn, 222 E TS
fial~ fie/s /uo/HIBHNEAF AR, X/ai/\ /ao/ /2K
FIHET 2

JE I 23 0 0 BRL TG RO IC T 4 SR A Y i R 3R
TR R Z 50T, 15317 Son s BATE 2 s K
4. F(2.14)=13.84, P<0.001 ; 1% 7K °F 41 -
F(2.13)=12.53, P<0.001. HHA] %0542 >) 4 7E 5
O HURAERR R L H BB ZER . St BRENHER
K, mKFH: F(2.13)=2.42, P<0.05; fK/KF4H.:
F(2.13)=2.35, P<0.05. A LAfFH% ) E 7RG HE 1)
AR R LA EES . Wl nEPHARR R
I )30 G o R MR, anot/als fol el
fuls XFRTTCE/A/ Tyl B RS LR HER 28I
NG TG fial fie/s fuals fuo/ RN BR HLUHER
K SET IS /Al Jow/ (1) R SIS AR R .
212 JTLERXSSE

TEX Ay SERR R, 22 31380 0T 132 ANE & it
AT X 3o ARSI B 2% S 2 A4 P S o 8 I AR AU
X IeH . RIS R 45 R, e
X o PO HEFEE

B 3 R EBICTE AR AN 15I-R S~ A -1sTs -l
/-l BRI BRI, W 3 HaT BB B AR
Kl-h/~ A-TTIX a3 BE e, AJ-A s il-Isl~ Tsl-1i]
(X 23 LB 25 5 - ] 4 No/-/ol < Jo/-/uol luol-lou/
Jou/-luo/~ fa/-fial~ fal-fa/BVEEIRIREL. M 4 il
LLE Hi/o/-Muol« fuo/-/o/Filjuo/-/ow/ B IX S e HE, {H
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Fig.3 Results of the vowel distinction experiment 1

* a KT 8 BT
X 30 7
Sl 27
0, BB
JZE U= U5 U= U= 9=
/uo/-/o/ lo/-/uo/ huo/-/ow/ /ow/-fuo/ fia/-/a/ [a/-/ia/

=y
4 JUEIX 2 Mg R
Fig.4 Results of the vowel distinction experiment 2
Jou/-hao/~ [a/-fial fia/~/a/FE X Rk X 43 R B
by BHX Y.
JCE AT R AT B B T H 45 R ER 3 B
Fz 3 TEWVHSIZEESMAKESR

Table 3 Spectral distances and duration differences
of vowel pairs

JLHEXT A PR 2/ Hz I K 2% /ms
h-h/ 440 0.013
/s/-R/ 602 0.066
[s/-1i/ 1420 0.049

/uo/-/of 19 0.006

/uo/-/ou/ 36 0.010
/ia/-/a/ 374 0.108

0 B A R A R O R 1 B TR R
B BEA PR AT TEmE, AR R —Ja s
VB MELADX 43, TG o B ] AR AR 25 2 R
ST ICHE R, AR/ BIBE RS /N, 2 Hr XS
TR, fuo/Fl/o/HIATRE R B B /N, DR EX 43
P/ R/ BIATRERR B K, IR 5 X 4o Jo K
ZE e R2 0 B 2% 2] F X 73R8 ST, Wiluo/-/o/~ M-~y
Z K ZERN, X . ffadt— DA
M (iR o, Wi s B,

PNEIREINYE s S E S S =S TR = YE Ty
Al BTG y/FG TS A/ X o EE, - Xt /ao/-/ou/
fie/-li/ B X4y LB R Ty o 18I X 43 SEEGFE T AN T
5 7 SRR B R [X 2y, S A G X Gy () E
W, AT EIICHE X MR . X 2 sis b R I
AHEHBICHE I RS ICE, tLl/uo/-/o/ s fia/-/al%
FEIL o ARIK T2 33 B K22 S 6 e X 5

0 W-1il -l R lyl-hl fiel-/ Taol-lou/
TH
Bl5 JuilX sl 3 fss
Fig.5 Results of the vowel distinction experiment 3
REZE. HEEIR & AR RS, T XA Y.
XU A7 21 B K 2 BN TT T (X 70 BE
22 WHERAMSLE
221 GEEHNSL
SIS HH 2 3 R X RO AT W, SR
4 P2 31 R S A 10 JR R S L ) AR
FIHER R
R4 WHHERMR LA EFERE

Table 4 Perception response time to consonants and
accuracy of perceiving consonants

JBKI SN ) /ms TERRIHER R %

5 —— — —— —
= KT IS = KT K
WY 3080 3255 96% 90%
FEY 2419 2590 98% 93%
& 3253 3476 95% 80%

HHe 4 TR, A2 o 380 25 5 10 s By I T A
B, KB I R TR AR GG — 28 R BN R
ZE 5 BT PR 20 2 51 38 ()l 2 R R I N I ) R AT
—B oW, AIARMEAKT4L: F(2.01)=1.51, P<0.05,
TR IR ACT AR N A B 2R &
KFEAH: F(2.01)=3.45, P>0.05, &/K 400 A )4
5 PRI S SIS R) YA 65 22 . AL ST 3 R
5 HER R e, BN AR R R K. K
S 2H FHAR 7K T 2H %o 4 55 P JR R S5 7 BT () R 2R
TAEZESR, BB AU S a4, 1 FLBC e
BiREm . 7R B SIS I8, FFER
T B FHREE 35 AL T B R 28 AR ST 2K
INFI Y. S EBER A IR R A
S CEREN R, BIZSIE N OH EHE
B S W AT S IR i DLE B3 8 5 i
SR B, B RIE AR R S A RR ST v
ZAIE AR, WA AN AL, 4EE RIE S S0
R X L E TR R B X AL G . 4T RIE h r2E
B M TR S AT R, TDOE R SR g
B i G SUANE S M L. 4R R IE TR
W RIE S /z0/  feh/ Jsh/ R AR ET /el
UG PAERET L E ARG, R RIS A
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A IR BT A . DRI 3] B TR e 1
HENE — @ ML . 4EB/RIE T/, /d/, /g/ RN T
(/pl, 14, Ik/ 2 PR B AR I (4, e ZERIE T
/bl 1d/, g/ RIS FE AT RSN, & — A E AL /p/, 0,
/RSN A ARS), A AN SIE R S
2 ) 3 S AR O U ANIE SRR E R AL N BE
B —ANERE, BT IE SIS T 45 RiETH
HEAAR A, B2 S B A R E S A5,
A HE S 04 IR T I 2 3 IR A AR AR B
WG AERES, KR AYEE RS I FHXTA
RRIEREMEE X EE )], HaitdEbhE
I3 SUANIE SAE AR B N BRHE A 1 S TG . A
W2 2 2 10 BEE T R 2 520 31 2% 2 2 1 RN R
o ARSCHG AT 5 552 o) 2 4 B
WRUEL P T 22 ) H AR AR, 4Rk
5 B, R IIEUF RIS ) B RS HERA
BRI, mER S5 AL, ESIE X ERE 2/ /zh/
HIFRAURETR R S, PRAMER R R AR 485 s/, 2]
FAFA s/ W R EERE S o/ Jo/ 3 A /s R /2 o
B ) HAL TR IS Z AR G IRE, TR
Mo/~ Jpl LAE LR, BILTTE, SRS A
SRUIR A ) H T YA BE

®5 HERMEREN

Table 5 Perception error matrix for consonants

z|zh|j|c|ch|q|x|sh|s|b|d|g|p]|t]|k
z |60 5 6
zh 120| 4 3
i 95 5] 2
c 41 24
ch 116| 3 2
q 69| 6
X 1 2 |112] 4
sh 1]1 114
s 14 50
b 72 4
d 75 5
g 79 3
b 8 76
t 5 75
k 1 77

222 HIHX AL

e, 2 ENT 80 AMEF HIHEETIX 4)
BR A ) F A WA SR AN S R
BAIE . B T ARFR LS5 5 T AT X 43 SR AR 9 1E
Wtk B 6 Fiasid 20 72 =) 3 0 435 0 1) [X 45K
Unist

WRAEE 6 FIFERESRE, 218X /s/-cl, e-s/

HoOR 2020 4F
100
°\° S
5 80
£ 60
&
& 40 ,
Ix] LN
50 L NI
®
vy
=]

D/el-Isl @lsl-Ie/ @/bl-Ipl @/lpl-Ib! &ix/-Iq/
®/q/-Ix/ @/d/-tl @Nt/-Id/ @/sh/-Ix/ W/x/-Ish/
S FRTA RSP

Bl 6 X 4 semss

Fig.6 Results of the consonant distinction experiment
H/x/-/sh/, Ix/-/q/ BT IX 43 fig 77 B HAth JLAR s 22,
BB, XT/b/-Ipl, Id/-EEEE S IX

X6 RHEN I KZEFMAEE SR,
6 Al W, KIN/Q/-x/, Ix/-Ish, [s/-lc/ B 22 /N T
HARH A, Il ) EH B G e X 5> FIERATER,
PRI o b/-Ipl, 1A/~ 22 L A — 20 4 5 TR
K ZE R AT AT H14H B 2 TR B 22 T DLEZ i) 3127
SJE WX e . WA KN N
Dy, (/x/-/sh/) <Dy (/d/-1t/)<Dg(/s/-/c/) <Dy (/b/-Ip/)<
D (/q/-1x/) - 5T 2[R R0 B 8 A 2% ] 2 1 [X
SETRER AT L, 7R X TamE Y, AR R B
XA R, kel HEd, SE K ER
ARURE BE B2 313 B X 2 Be JTIRC I B K. A
SIR S5 LR W] DLRNIE, 2 2] 38 7E FEHE S 5 2 |
X M RA%, BAHEX 5.

*R6 WENHNKERFSNLES
Table 6 Duration differences and spectral distances
of consonant pairs

LERspa) K 2 /ms AT PR 25/ Hz
Is/-Ic/ 0.013 115.5
/b/-/p! 0.03 90.0
1d/-1t/ 0.079 199.0
Iq/-/x/ 0.001 57.0
/x/-Ish/ 0.007 351.0

FAR T RN SR IR TR, K2 A 2 A
HER AL TARACT 22 2058, HRI SN T 2 i
BV ACI RN T 5 3 SN 8] X ZE 5 A
P (VIR SR SBR[, AL 5T 3 0 2 3
FR RN METH R RHG v HLSSE I RIS o AT W)
R, 2 B HRAER R B SN [ IR B OR 2R
AR SN HE— 0 25 5% 5 2] 3 X Al IR DL
T XSS, A TS A N AR I 2 S R
ZE5E, RVHEAE RN ) E W SR R S A il
WEFE X Ol WETCARBL, HE XTI 22 57 AT Bl
REFHX e, KRB, A5 IX
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9 RZAHBHEIX o B B 8] AR A 22 7 R IX
IrHETSATAE —E I ZE R . W LAHENT, 5 (A (400
W22 ST I F X HET AN — E A R .
2N K RN A 2R, BOEX
g% s /q/-/x/~ Ix/-Ish/ Isl-lcl o

3 45

AR SE R FH IR S5 P 7 Y 6 3 38 14 T 3 AN 4
5 SR A T Y . T A SO A [X 4y 52
36, KEAN[RE @ TE K2 ) W pOE B AT
THETC, RPN FH A B L5 18 5K
AR T AR Y o KT 227 30 3 B S 1 T A
I RE IR TR/K P AL2E 33 . Jo3 TRl ARG R
5 P 4 5 I K 22 S A B T 2 3 35 0 X R
XPERATX 4 Re i EE R A

M2, EE BN R T 51 T R
I A R AL . RN B e
FV B WRFAE, 2% ) 34 Re S $2 T35 M 1 R 5 10
W, REREXTIT SRS B EE e B, BEN
T A AE IS N M e 1 S s PR A e

T8, WESL HARANE (9 AL A T 558 Bt
2 £ x W
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