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BAO TON PAC TRUNG AM VI CHO PANH GIA PHAT AM TU PONG
Nguyén Thi Bich Nhat!
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Nghién cieu nay giGi thiéu mét phwong phdp cdi tién trong danh gid phat dm tw dong
(Automatic Pronunciation Assessment - APA) thong qua co ché diéu chudn  tuwong phan thir béc.
Phwong phdp nay tdp trung vdo viéc bao ton ddc trung dm vi trong biéu dlen ngir am bang cach
két hop ba ham mdt mat: twong phan, am viva thir bdc. M6 hinh phan tang gom ba cdp do (am
Vi, tir va cdu) diege trién khai nham toz wu hoa kha nang phat hién va dinh heong 16i phdat am.
Két qua thiee nghiém trén bg dit lieu tiéng Anh ciia nguoti hoc tiéng Viét cho thdy phirong phdp
dé xudt da cai thién dang ké d¢ chinh xdc ciia hé thong déanh gia phdt am. Phwong phdp nghién
clbu mé ra tiém ndng vmg dung trong cdc hé théng hoc ngén ngir théng minh.

Tir khoa: Danh gid phat am tw déng, diéu chudn phan tang, biéu dién ngiz am, 16i am vi.
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1. PAT VAN BE

Phat &m la mot thanh phan thiét yéu trong ning luc giao tiép ngdn ngir. i véi nguoi
hoc tiéng Anh nhur mot ngon ngit thi hai (L2), phét &m khong chuan khang chi Iam suy giam
d6 luu loat ma con gy can tré dang ké trong qué trinh truyén dat va tlep nhan thdng tin [1]
Trong bdi canh gido duc ngdn ngir ngay cang ang dung cong nghé, nhu Cau Vé céc cdng cu hd
trg phét hién, danh gia va cai thién phat am ngay cang tro nén cap thiét. Diéu nay da thic day
su phét trién cuia cac hé thdng danh gia phat am tu dong (Automatic Pronunciation Assessment
- APA), véi kha ning cung cap phan hdi tic thi, khach quan va chi tiét dén nguai hoc [2].

Tuy nhién, phan 16n cac hé thdng APA hién tai van chi tap trung vao viéc du doan diém
s6 tong quat ma chua tan dung triét dé cac dic trung ngitr am dé nhan dién va phan anh chinh
xac 161 sai cu thé & cap d6 am vi [3][4]. Céc biéu didn ma md hinh hoc dugc thuong khong di
phan biét gitra cac &m vi gan nhau, khién phan hdi tré nén mo hé, thiéu hiéu qua, va kho trién
khai trong thuc tién giang day ca nhan héa [5]. Nham khéc phuc han ché d6, nghién ctru nay dé
Xuit mot phuong phap hoc biéu dién dinh hudng ngit am, két hop ba co ché didu chuan: hoc
tuong phan, phan biét &m vi va danh gia theo thir bac. Muc tiéu la xay dung mot khéng gian dac
trung ngir &m giau tinh phan biét va c6 kha nang phan anh chinh xac thi tu chat lwong phét am,
tir d6 cai thién ca do chinh xac I1an kha ning phan hoi chi tiét cua hé théng danh gia [6]).

2. TINH HINH NGHIEN CUU
2.1. Khai quéat vé danh gia phat am ty dong (APA)

Automatic Pronunciation Assessment (APA) la linh vuc giao thoa gitta nhan dang
tiéng noi, ngdbn ngir hoc va cong nghé gido duc. Cac hé thong APA di duoc ung dung rong
réi trong nhiéu nén tang hoc ngdn ngit nhu Duolingo, ELSA Speak, Google Pronunciation
Tool va nhiéu ng dung khac [7][8].
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Phan 16n cac m6 hinh APA hién nay duya trén k§ thuat may hoc sau, dic biét sir dung
cac md hinh biéu didn ngir m ty giam sat nhu Wav2vec 2.0, HUBERT va WavLM dé trich
Xuit dic trung tir tin hiéu &m thanh [5][9][10][12][13]. Tuy nhién, da s6 cac hé thdng nay
chi danh gi4 phat am dua trén diém dong nhat (holistic score) cho toan bo cau noéi ma chua
c6 kha niang phan tich sau cac 18i sai chi tiét theo tirng am vi hay am tiét.

2.2. Véan dé bao ton dic trung am vi

Automatic Pronunciation Assessment (APA) la linh vyc giao thoa gitta nhan dang
tiéng n6i, ngdn ngit hoc va cong nghé giéo duc. Cac hé théng APA trén thuc té da dugc tng
dung rong réi trong nhidu phan mém va nén tang hoc ngdn ngit nhu Duolingo, ELSA Speak,
Google Pronunciation Tool... [7][8].

Pa s6 cac mo hinh APA hién nay sir dung céc ky thuat may hoc sau, dac biét la cac
mé hinh biéu dién ngir &m ty gidm sat nhu Wav2vec 2.0, HUBERT va WavLM dé trich xuat
dic trung tir tin hiéu am thanh [5][9][10]. Tuy nhién, phan Ién cac hé thdng nay chi xay
dung dya trén diém dong nhat (holistic score) dé dénh gia toan bo cau ndi ma chua phan tich
sAu c4c 15i sai & mirc d6 am vi hay am tiét. Do dé, viéc bao ton va phan tich dic trung am vi
mét cach chi tiét van con 1a mot thach thire 16n trong nghién ciu APA hién nay.

2.3. Nhirng nghién cwu lién quan

Trong nhimg nim gan day, cac phuong phap hoc biéu dién phat &m dya trén chién
lugc hoc twong phan da thu hut sy quan tim dang ké trong linh vuc danh gia phat am tu
dong. Cac nghién ctu tiéu biéu tap trung vao viéc hoc khong gian dic trung ma trong do,
c4c biéu dién am thanh chinh x4c duoc kéo gan vé phia biéu dién ngir am ly tuong, trong
khi céc 16i phat &m bj day xa [6]. Dac biét, phuong phap hoc tuong phan két hop véi dic
trung 4m vi duoc xem 13 huéng di trién vong nham ting cuong kha ning phan biét tinh vi
giita cac 161 phat am khé nhu /s/-//, It/-1/, vén phé bién & nguoi hoc tiéng Anh nhu ngdn ngit
thir hai. Mot tién dé gan day 1a moé hinh ConPCO (Contrastive Phonemic and Ordinal
regularization), duoc dé xuat bai [6], trong d6 ciu trdc huan luyén bao gém ba thanh phan:
contrastive loss, phonemic loss va ordinal loss. M6 hinh nay dugc chiing minh la hiéu qua
trong viéc hoc biéu dién ngir &m giau tinh phan biét va tha bac. Tuy vay, cac nghién ciu
hién tai phan I6n mai chi ap dung trong ngit canh tiéng Anh chuan hozc céc bé dix liéu tong
quat nhu LibriSpeech, chwa danh gia day du trong bdi canh ngudi hoc tiéng Anh ban ngir
khong phai tiéng Anh, vi du nhu nguoi Viét [14]. Bong thoi, ciing con thiéu nghién ctu vé
kha nang thich ng ciia cac phuong phap hoc sau nay d6i véi dir liéu ¢d yéu té van hoa dac
thl - nhu noi dung gi4o duc, doc vian ban hoc thuat hozc phéat &m trong béi canh hoc duong.

3. KIEN TRUC MO HINH CAI TIEN
3.1. Kién triic md hinh cai tién

Mo hinh duge xay dung theo kién trac phan tang ba cap do, phan anh ba mirc dénh
gia pho bién trong hé thong danh gia phat am: 4m vi (phoneme-level), tir (word-level) va
cau (utterance-level). Cau triic nay cho phép mé hinh khai thac dic trung ngit am tir don vi
nho nhét dén toan cau, dam bao tinh chi tiét va toan dién trong danh gia.
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Tang ém vi (Phoneme-level)

Dau vao gom cac ddc trung phat &m nhu: GOP (Goodness of Pronunciation), nang luong,
d6 dai, MFCC, cuing cac bicu dien tr md hinh tw giam sat (HUBERT, Wav2vec 2.0, WavLM).

Bicu dién van ban am vi dugc ma hoa qua embedding d€ tao vector twong ng. ,

Hai nguon dac trung (am thanh va van ban) dugc két hop, sau d6 dua qua khoi
Branchformer nham tang kha nang hoc phu thugc thoi gian va moi quan hé ngir &m cuc bg.

Tang tir (Word-level)

St dung attention pooling dé gom nhom céc biéu dién am vi thanh biéu dién tir.

Céc vector tu tiep tuc dugc xu ly qua Branchformer, gitp danh gia trong am, do ro
rang va loi noi &m ¢ cap do tu.

Tang cdu (Utterance-level)

Cac biég dién tr duoc két hop va ma héa lai thanh biéu dién toan cau.

Mot khoi Branchformer cudi cung xu ly biéu dién nay dé dua ra cac danh gia & muac
d6 Iuu loat, ngtt diéu, do ty nhién va diém tong quét. Tong quan Kién trac mé hinh dugc
minh hoa trong Hinh 1 dudi day.

[ Téng hop —+ Branchformer ]

[ Attention Pooling ] “ Tang cau
1

[ GOP + WavlM + Embedding]
!

Am thanh |- .{ Branchformer ] r Tang cau
dau vao l

[ Diém danh gia phat am ]

Hinh 1. Kién trdc phan tang ciia mé hinh danh gia phat 4m
3.2. Piéu chuan khang gian biéu dién

Mo hinh duoc huan luyén véi ba ham muyc tiéu chinh: Ham twong phan (contrastive
loss), ham &m vi (phonemic loss) va ham thir bac (ordinal loss). Mdi ham dam nhan mot vai
trd riéng trong viéc diéu chinh khong gian biéu dién dic trung. Cu thé, ham twong phan dwgc
&p dung tai tang am vi, nham téi wu hoa khoang cach gitra biéu dién 4m thanh va vin ban
trong tng. Ham am vi duoc st dung tai ting &m vi va tang tir, gitp ting cuong kha ning
phan biét giira cac 16p Am vi. Trong khi d6, ham tht bac duoc trién khai tai ting cau, dam
bao sy twong ung giira khoang cach biéu dién va chénh léch diém s6 danh gia. Cac noi dung
nay sé& duoc tich hop truc tiép vao phan md ta kién tric ting tang nham tang tinh gan két
giira thiét ké hé thong va chién lugc huan luyeén.

3.2.1. Ham mat mat twong phan (Contrastive Loss)
Ham mat mat twong phan duoc sir dung dé tdi wu khoang cach giira biéu dién &m thanh
Z € RY va biéu dién vian ban z, € RY, sao cho cip dung gan nhau va cap sai cach xa trong
khong gian dac trung. Cong thirc nhu sau:
exp (sim(zy, z;)/t
?]:1 exp (Sim(za' Zj)/T

Leontrastive = —log
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Zl't Zj
zi]|.liz;]|
luwgng biéu dién van ban (tirc 1a so cap z;) duoc sir dung trong qua trinh tinh toan ham mat mat
tai moi budce cap nhat trong so.

Trong do, sim(z,z;) ( )1a do6 twong dong cosine, t 1a hé s6 nhiét do va N 1a sé

3.2.2. Ham mat mat ém vi (Phonemic Loss)
Ham mat mat &m vi bao gém hai thanh phan: mat mat noi bo va mat mat lién 16p. Trung
tam biéu dién cua I6p ¢ dugc tinh boi: . = — Y5 ()

Mat mat noi bo (intra-class): Liyerq = % YNz — p]|?

1
ISel

J T I _ 2
M4t mét lién I6p (inter-class): Lieer = Y. ., exp( — La—tally

0-2
Tong hgp ham mat mat am Vi: Lynonemic = Lintra + 2 Linter
3.2.3. Ham mat mat thir bdc (Ordinal Loss)

Ham mét mét thir bac dwoc thiét ké dé ¢am bao khoang céch biéu dién twong @ng véi
su chénh léch diém so danh gia. Cong thirc nhu sau:

1
Lorai =—Z Il z; — zi||, —a ll s; — s;||)?
ordinal |P| 7(i,jEP)( i 'j | |2 i , j | D

Trong d6, P la tap cac cap diém trong batch, va a la hé so6 dicu chinh ty 1&. Ham
nay duy tri sy twong ung tuyén tinh gitra d6 léch diém so6 va khoang céch trong khéng
gian ddc trung.

3.3. Thuc nghiém va danh gia

3.3.1. Dir liéu

Nghién ctu st dung mot tap dit liéu gom 1.500 cau doc tiéng Anh duoc ghi am boi
75 sinh vién Truong DPai hoc Hong Puc, thudc hai nhom: 30 ngudi ngoai nganh (khéng
chuyén ngdn nglr) va 45 nguoi chuyén nganh (dang theo hoc chuyén nganh tiéng Anh hoac
ngon ngir). Moi cau duoc cham diém tha cong theo thang 0-10 cho ting tiéu chi phat am.
Cac dac trung dau vao bao gom GOP (Goodness of Pronunciation), WavLM va MFCC. M&
hinh dugc huan luyén theo kién tric phan tang mé ta & Muc 3, sir dung thuat toan Adam
(learning rate 1e-4, dropout 0.2), trong 100 epoch véi co ché early stopping.

3.3.2. Chi s6 ddnh gia

Hiéu qua cua hé théng dugc danh gia thong qua ba chi s6 chinh:

MSE (Mean Squared Error): dai dién cho sai so trung binh binh phuong gitta diem dyu
doan y va diém thyc té y, dugc tinh theo cong thuc:

1 N .
MSE = & Zi:1(Yi - )
~ PCC (Pearson Correlation Coefficient): do luong mirc do tvong quan tuyén tinh gitra
diém du doan va diém thuc, duoc tinh bang:
SO O
092 565

PCC=
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Accuracy: ti 1 phan loai ding cac mirc diém phat &m (vi du: Tét, Trung binh, Kém)
sau khi lugng hoa thanh cac maec roi rac.

3.3.3. Két qua thiee nghiém

Két qua trén cho thiy mé hinh dé xuat dat hiéu qua vuot troi trén ca ba chi sb. bac
biét, chi so Accuracy phan anh rd kha nang phan loai ding cac muc chat luwong phat am,
diéu nay c6 y nghia thyc tien quan trong trong viéc dua ra phan hoi hiéu qua cho nguai hoc.

Bing 1. So sanh két qua giira mé hinh baseline va m hinh dé xuat

Tiéu chi Baseline (GOP-only) M5 hinh cai tién Cai thién
MSE 0.078 0.057 -26.9%
PCC 0.754 0.873 +15.7%

Accuracy 71.3% 84.5% +13.2%

Pé 1am rd hon vai trd ciia ting thanh phan trong kién tric mé hinh, ching toi tién
hanh thuc nghiém nhu sau:

So sanh theo nhém nguwoi hoc: Mo hinh dat Accuracy 87.1% ddi véi nhém chuyén
nganh, va 81.2% d6i vi nhém ngoai nganh, cho thay kha niang thich tng véi su da dang vé
nén tang ngon ngi.

Phdn tich déng gdp cua tirng déic trung dau vao: Khi huan luyén mé hinh véi ting
loai dic trung riéng biét, WavLM cho thdy muc cai thién PCC I6n nhat (+11.2%), tiép theo
la GOP (+6.8%) va MFCC (+4.1%).

Pdnh gid vai tré ciia ham mat mat the bac: Khi loai bo ham ordinal loss khoi qué trinh
huan luyén, Accuracy giam tir 84.5% con 79.4%, khang dinh vai trd quan trong cua co ché
hoc thtr bac trong viéc phan &nh chinh xéc chat luong phat am.

Trudce khi dp dung mo hinh 5 Sau khi &p dung mé hinh

Thuyc té

=20

Thuc té

=15

-10

I 0 sl I . ‘ 01 sl
Dy doan Dy doan

Hinh 2. Kién tric phan tang ciia mé hinh danh gia phat Am

Ngoai cac danh gia téng thé, ching toi tién hanh thém maot phan tich dinh luong chi
tiét & Bang 2 vé kha nang phan biét 13i giita cac cap am vi d& gay nham Ian, dic biét pho
bién ¢ ngudi hoc tiéng Viét nhu /t/—/6/ va Is/—/fl. Két qua thu dugc tir confusion matrix ¢ 2
cho thay mé hinh dé xuét gilp giam dang ké sai s6 nhan dién giira cac cap am nay.
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Bing 2. So sanh két qua giira mé hinh baseline va md hinh dé xuat

Cap am Sai s6 trudc mo hinh Sai s6 sau mo hinh Giam sai s6 (%)
-6/ 18 5 72.2%
si—fl 18 6 66.7%

Danh gia nay cho thay rang viéc hoc tuong phan dong vai tro quan trong trong viéc day
biéu dién cua cac 16i phat &m ra xa khoi ving biéu dién chuan trong khong gian dac trung.
Dong thoi, kién tric phan tang ciia mo hinh ciing hd trg md ta rd nét hon méi lién hé ngix am
tir cAp d6 Am vi dén toan cu, tir d6 nang cao d6 nhay dbi véi cac I16i am vi tinh vi. Cac biéu
dd tryc quan s& duoc bd sung trong phién ban mé rong dé minh hoa rd hon cho két luan nay.

4. KET LUAN

Nghién ciru ndy da dé xuat mot phuong phap méi trong linh vuc danh gia phat am tu
dong, dua trén sy két hop gitta hoc twong phan va diéu chuan thtr bac dé bao ton dic trung
am vi trong biéu dién. Phuong phap tan dung kién triic mo hinh phén tang cung chién luogc
huan luyén tich hop ba thanh phan ham méat mét (twong phan, 4m vi va thi bac), tir 46 khong
chi nang cao d¢ chinh xac trong viéc cham diém phat 4m ma con cho phép hé thong dua ra
phan héi chi tiét & cap d6 am vi. Thue nghiém trén bo dir liéu tleng Anh cua nguoi hoc cho
thiy phuong phap dé xuét dat hiéu qua vuot troi so voi cc tiép can truyén thong, thé hién
qua murc sai s6 thdp hon, tuong quan cao hon va kha nang phén loai 16 rang cac mirc chat
luong phat am. Trong tuong lai, hudng phat trién tiép theo s& bao gdm: M rong ap dung
phwong phap sang cac tinh hudng giao tiép tw nhién thay vi chi dua trén doc van ban; Tich
hop h¢ thong vao cac tng dung hoc phat am thoi gian thuc; Bo sung cac yéu tb ngir diéu va
trong 4m d¢é tang tinh toan dién ctia danh gia; Thir nghiém trén nhiéu ngdn ngir va dbi twong
ngudi hoc khac nhau nham kiém dinh nang luc khai quat hoa ciia mé hinh.
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PRESERVING PHONETIC FEATURES
FOR AUTOMATIC PRONUNCIATION ASSESSMENT

Nguyen Thi Bich Nhat

ABSTRACT

This paper proposes an enhanced approach to Automatic Pronunciation Assessment
(APA) through a hierarchical contrastive regularization mechanism. The method
emphasizes the preservation of phonetic features in speech representation by integrating
three loss functions: contrastive, phonetic, and hierarchical. A stratified modeling
framework with three levels-phoneme, word, and sentence-is employed to optimize the
detection and quantification of pronunciation errors. Experimental results on an English
dataset of Vietnamese learners demonstrate that the proposed approach significantly
improves the accuracy of pronunciation assessment systems. The study highlights the
potential of this method for integration into intelligent language learning systems.

Keywords: Automatic Pronunciation Assessment, hierarchical phonetic
representation, phoneme-based pronunciation, error analysis.
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