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Tom tit

Nghién cizu nay phat trién va danh gia mét hé thong Al tw déng hoa toan dién trong
xay dung Chudn dau ra (CBR) cho nganh Céng nghé ky thugt 6 t6 tai Viet Nam. Dir liéu duroc
thu thdp va phan tich tir thang 11/2024 dén thang 3/2025, bao gom 24,024 diém di liéu
(15,327 md ta cong viéc, 8,452 bai bao khoa hoc, 245 dé cuwong mén hoc) va khao sat 127
doanh nghiép. Két qua cho thdy hé thong Al giam 84.6% thoi gian cdp nhdt CBR (tir 92.3
xuong 14.2 ngay, p < 0.001, d = 1.82, 95% CI [80.2, 89.0]) va dat d¢ chinh xac 89.2% trong
di bdo xu heong Ky nang dén nam 2035 (MAPE = 10.8%, RMSE = 0.067, R? = 0.91). Mé
hinh du b&o dai han xdc dinh 5 nhém ki nang chién lwoc sé dinh hinh nganh 6 to Viét Nam
trong thap ky toi.

Tur khod: Tri tu¢ nhén tgo, Céng nghé ky thugt 6 t6, Giao duc dai hoc Viét Nam, Dy
béo ki nang dai han, Chudn dau ra trong giao duc dai hoc Viét Nam

Abstract

This study develops and evaluates a comprehensive Al-driven system for automating
the construction of Learning Outcomes (LOs) for the Automotive Engineering Technology
program in Vietnam. Data were collected and analyzed from November 2024 to March 2025,
comprising 24,024 data points (15,327 job descriptions, 8,452 scientific articles, and 245
course syllabi), along with a survey of 127 enterprises. The results indicate that the Al system
reduces the time required to update LOs by 84.6% (from 92.3 to 14.2 days, p < 0.001, d =
1.82, 95% CI [80.2, 89.0]) and achieves an accuracy of 89.2% in forecasting skill trends
through 2035 (MAPE = 10.8%, RMSE = 0.067, Rz = 0.91). The long-term forecasting model
identifies five strategic skill clusters that are expected to shape Vietnam’s automotive industry
over the next decade.

Keywords:  Artificial Intelligence, Automotive Engineering Technology, Higher
Education Vietnam, Long-term Skill Forecasting, Learning Outcomes Higher Education
Vietnam

1. Mé& dau

Nganh cong nghiép 6 td Viét Nam dang trai qua sy chuyén d6i nhanh chong véi su
xuat hién cua céng nghé méi, dugc minh ching qua béo cdo cua Hiép hoi Céc nha san xuat O
t6 Viét Nam (VAMA, thang 1/2025)[1] voi doanh sé xe dién ting 317% trong giai doan
2022-2024 va xe tich hop cdng nghé ADAS chiém 42.7% thi phan vao nim 2024. Khao sét

127 doanh nghiép trong nganh & t6 (12/2024-1/2025) cho thay 68.5% doanh nghiép giap kho
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khin tuyén dung nhan su c6 ki nang phu hop véi cong nghé méi 72.3% ki su mai tét nghiép
can duoc dao tao lai vé cong nghé xe dién va hé thbng ADAS vaéi thoi gian trung binh 6.8
thang va chi phi 8,200 USD/nhan vién, trong khi phan tich tir 12 trudng dai hoc hang dau vé
dao tao nganh Cong nghé k¥ thuat 6 to tai Viét Nam cho thiy do tré cap nhat Chuan dau ra
(CPR) trung binh 2.7 nidm so v&i yéu cau thi truong, 41.7% mdn hoc khong dap tng yéu cau
cua doanh nghiép, va chi 23% khoa c6 chuyén gia phan tich chuong trinh toan thoi gian. Phan
tich tir cac nghién ctu vé ung dung Al trong gido duc dai hoc giai doan 2020-2024[2][3][4]
phat hién chi 7.5% nghién ctru tap trung vao tu dong hoda quy trinh xay dung CPBR, 2.3% lién
quan dén linh vuc ky thuat 6 t8, khdng c6 nghién ctiru nao tai Viét Nam hoic cac nude Dong
Nam A, va dic biét chua co nghién ctru nao tap trung vao dy bao dai han (10 nim) cho k¥
nang nganh 6 t6. Nghién ctru nay dugc thyuc hién nham Iam rd cach thic hé théng Al tich hop
toan dién co thé cai thién hiéu qua xay dung CDR nganh Cong nghé Ky thuat 6 to, dong thoi
danh gia muc do chinh xac cia hé thdng trong phat hién va du bao xu hudng ky ning dai han,
cling nhu xac dinh kha ning dap Gng céc yéu cau cia Thong tu 17/2021/TT-BGDDT[5] va

nhu cau thi truong lao dong dai han.
2. Phwong phap nghién ciru
2.1 Nghién cwru thu thap dir ligu

Nghién ctu &p dung phuong phap hdn hop (mixed methods) (hinh 1) véi thiét ké
sequential explanatory dé dam bao tinh toan dién va d tin cay cua két qua. Thiét ké nay duoc
lya chon dya trén khuyén nghi cua Creswell & Plano Clark (2018)[6] vé viéc két hop dit liéu
dinh lugng va dinh tinh trong nghién cuu gido duc. Giai doan dinh lugng (11/2024 - 2/2025)
phan tich 24,024 dir liéu gom: 15,327 md ta cong viéc tir cac ngudn tuyén dung lén nhu
VietnamWorks va CareerBuilder, phéan loai theo chitc danh cdng viéc va dia ly; 8,452 bai béo
khoa hoc tir SAE Journal va IEEE Transactions trong linh vyc cong nghé 6 t0 (2020-2024);
khao sat 127 doanh nghiép véi bang hoi cau tric theo phuong phap DACUM va duoc Kiém
dinh boi 8 chuyén gia, dat CVR=0.87 (Lawshe, 1975). Ngoai ra, nghién ctru cling phan tich
245 d& cuwong mon hoc tir 12 trudng dai hoc dao tao nganh Coéng nghé ky thuat 6 t6 hang dau

tai Viét Nam, theo 5 nhém kién thuc chinh.
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Hinh 1. Thiét ké nghién ctru phuong phap hén hop.
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Bdng biéu. Phan bd mau nghién ctru trong giai doan doan dinh lugng.

Nghién ctiu thu thap dix liéu tir bén ngudn chinh gdm: mé ta cong viéc (VietnamWorks,
CareerBuilder, n=15,327), bai béo khoa hoc tir SAE va IEEE (n=8,452), dé cuong mon hoc
(n=245) tir 12 trudng dai hoc, va khao sat tryc tuyén voi doanh nghiép (n=127) dua trén
khung DACUM (CVR=0.87, Lawshe, 1975)[7]. Dir liéu duoc Iam sach bing ky thuat
MinHash va Locality-Sensitive Hashing, xi Iy ngdn ngit bang VnCoreNLP, SpaCy va NLTK,
trich xuat thuat ngir chuyén nganh bang Bi-LSTM-CRF (F1-score=92.3%), vector hoa vin
ban bang TF-IDF, Word2Vec va BERT embeddings. Cac phan tich chudi thoi gian va du bao
k¥ ning str dung md hinh hybrid Prophet-LSTM-Transformer trén nén tang Google Cloud.
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Bdng 1. Quy trinh thu thap va xur ly dir liéu

Buac M0 ta

Thu thap dix liu Str dung crawler dé thu thap di lidu tu
nhiéu ngudn khéc nhau.

Tich hop API Két ndi vé6i cac API dé tich hop dit liéu
mot cach muot ma.

Xéc thyc dir liéu Ap dung quy tic xac thuc dé dam bao
do chinh xac cua dir liéu.

Hé thong ETL Lam sach va chuan hoa dit liéu trude
khi Ivu trit vao kho dix liéu.

Phién ban dir liéu Theo ddi cac phién ban dit liéu dé phuc

vu phan tich.

2.2. Kién trac hé théng Al

Hé thong AT dugc xay dung véi kién trac tich hop bdn tang gom: (1) Module thu thap
dir liéu, sir dung k¥ thuat crawler phéan tan (Scrapy, Selenium) va xu ly tu dong théng qua
ETL pipeline (Apache Airflow), tich hop kiém dinh chat luong bing Great Expectations voi
27 tiéu chi kiém tra dua trén kién thicc nganh; (2) Module phan tich k§ ning tng dung md
hinh BERT da ngdn ngir v6i phan loai phan cap ba ting (accuracy = 91.7%, k = 0.88), két hop

thuat toan phét hién ky niang méi ndi dua trén ting truong va mic do pho bién trong di lidu;
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Thu thdp Pa phuong tién
Tich hop API
Module Thu thap DT liéu Ki€m dinh D{¥ liéu
Heé thdng ETL (Extract — Transform — Load)
Phién ban DU liéu

Anh xa Bloom's Taxonomy

Kiém tra Tuin thd Quy dinh

Module Pé xuat Chuong trinh Pao tao Tao Mau Learning Outcome (LO)

Panh gia S&n sang Tuong lai
Céng cu Anh xa Chuong trinh

H@ thong tich hop Al
Mo hinh BERT Pa ngén nglt
Phén loai K¥ ndng Phan cap
Module Phan tich Ky nang Phan tich M6i quan hé K§ ning
Phat hién K¥ ning Mdi n6i
Panh gia Lién quan K§ nang

Thanh phan Prophet
Thanh phan LSTM
Module Du bao Xu hudng Dai han Thanh phan Transformer

Tich hgp Dy bao
Pinh lugng Khéng chic chan

Hinh 2. Kién tric hé thong.

(3) Module dy bao xu huéng ki ning dai han (d¢én nam 2035) wng dung mé hinh hybrid
Prophet-LSTM-Transformer dat d6 chinh xac cao (MAPE = 10.8%, Rz = 0.91), sir dung md
phong Monte Carlo véi 1,000 lan lap dé wdc tinh d6 bat dinh du bao; va (4) Module dé xuat
Chuan dau ra (CPR) tich hop céc thuat toan anh xa ky ning theo Bloom's Taxonomy, danh
gia tuan thi Thong tu 17/2021/TT-BGDPT[5] véi d6 tuadn thi dat 97.4%, dong thoi sir dung
phuong phap danh gia noi dung cia Lawshe (1975) [8] (CVR = 0.87) dé ¢am bao tinh thuc
tién va kha ning thich ung twong lai. Toan bo kién tric sir dung céng nghé microservices,
trién khai trén nén tang Kubernetes thuoc Google Cloud Platform, cho phép linh hoat mé rong

va t6i wu hoa hiéu suét van hanh.
3. Két qua va thao luan
3.1. Higu suit tong thé cia hé théng Al

Hiéu suit tong thé cua hé théng AT dugc danh gia trén bo di lidu thu thap tir 12 truong
dai hoc dao tao nganh k§ thuat 6 to tai Viét Nam (n = 24,024). Két qua phan tich trudc va sau
khi ap dung hé théng AI duoc thé hién chi tiét tai Bang 3.1.
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Bdang 3.1 . Hiéu suit tong thé cua hé thong Al.

Tiéu chi danh Trudc trién Sau trién A (%) p-value Effect size
gia khai khai (d)

Thoigiancap 92.3+5.2 142+21 -84.6% <0.001 1.82
nhat CBR

(ngay)

Phat hienky 19.8% +3.1 523%+4.2 +164.1% <0.001 1.65
nang mai

bo chinhxac 585%+4.8 89.2%+35 +52.5% <0.001 1.43
du bao ky

nang

Tuén thu 75.7% 53 974% 18 +28.7% <0.001 1.28

Thong tu
17/2021

Kha nang 425% +6.2 827%+35 +94.6% <0.001 1.72
thich ung

tuong lai

Két qua bang 3.1 cho thay hé théng Al cai thién cac chi sé danh gia so v6i phuong phap
truyén théng. Thoi gian cap nhat CBR giam rd rét tir 92.3 ngay xudng con 14.2 ngay, qua dé
rit ngan dang ké do tré trong cap nhat ndi dung dao tao, giup cac trudng phan tng nhanh véi
bién dong cua thi truong lao dong. Ty 1& phat hién k¥ ning méi ciing ting manh (+164.1%),
phan anh kha nang phén tich da chiéu cua hé théng Al trong viéc nhan dién nhanh chéng cac
k§ nang can thiét cho sinh vién tét nghiép. Ngoai ra, do chinh xac du bao k¥ nang tang 52.5%,
dat 89.2%, vuot qua cac nghién ctu trude d6 cuia Wang et al. (2023) va Liu et al. (2024). Hé
théng tuan tha cac yéu cau phéap 1y, dat mac 97.4% tuan tha Thong tu 17/2021/TT-BGDDT,

qua d6 giam thiéu dang ké rui ro phép 1y cho cac truong dai hoc.
3.2. Dw bao xu hwong dai han (2025-2035).

Két qua du béo k¥ ning giai doan 2025-2035 (Bang 3.2) cho thiy hé thong Al d3 xac

dinh rd ndm nhém k¥ ning chién luoc quan trong sé dinh hinh twong lai cia nganh céng nghé
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k§ thuat 6 td tai Viét Nam. Céc k§ ning ndi bat co tc do tang truong kép hang nim (CAGR)
cao gom: phat trién thuat toan Al cho xe tu hanh cip do cao (CAGR=14.7%), quan ly pin thé
ran (CAGR=19.6%), dich vu két ndi V2X (CAGR=16.8%), tng dung kinh té tuan hoan trong
san xuit 6 t6 (CAGR=20.6%) va hé thong ning lwong méi (CAGR=21.3%). B¢ chinh xéc du
bao cua hé théng giam nhe khi thoi gian du bao ting 1én, nhung van dat MAPE 13.5% trong
du béo dai han (6-10 nim).

Bdng 3.2 . Dy bao cac nhém k¥ ning chién luoc dén nam 2035

Nhom ky niang chién 2025 (%) 2035 (%) CAGR (%)
luoc

Xe ty hanh cap cao 15.8 65.2 15.2
(L4-L5)

Cong nghé pin thé hé 12.5 78.2 15.7
maéi

Két ndi va Dich vu 15.3 72.5 16.8
thdng minh

San xuét va Vat liéu 10.5 68.5 20.6
bén viing

Tich hop ning luong 8.5 58.5 21.3
mai

3.3. Phat trién chuén dau ra thich iing twong lai.

Trén co s du bao, tim Chuan dau ra chién luoc (PLO-F1 dén PLO-F8) da duoc xay
dung véi mirc do tin cdy cao (CVR trung binh = 0.86). Cac CDR nay tap trung chu yéu vao
cdng nghé xe tu hanh, quan Iy va tai ché pin thé hé mai, cong nghé két ndi thdng minh, san

Xuat bén viing va tich hop ning luong méi (Bang 3.3).

Bdng 3.3. Panh gia chit luong cac CPR dé xuét.

Tiéu chi piém TB SD CVR Pong thuin

chuyén gia
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Tinh cu thé 4.5 0.3 0.86 92.3%
Kha nang do luong 4.3 0.4 0.82 88.5%
Tinh thyc tién 4.7 0.3 0.89 94.2%
Tuén thu Thong tu 4.8 0.2 0.91 96.5%
17/2021

Kha nang thich tng 4.4 0.4 0.84 90.5%
tuong lai

Trung binh chung 4.5 0.3 0.86 91.9%

3.4. Cac yéu to tac dong dén dw bao ky ning dai han

Mic dd mé hinh du bao ki nang dai han dat d6 chinh xac cao (MAPE = 10.8%), két qua nay
van phu thugc dang ké vao céc yéu té bién dong bén ngoai. Tha nhat, cac yéu té chinh séch,
dic biét 1a 16 trinh phét trién xe dién cua Chinh phu Viét Nam (dat 20% thi phan nam 2030)
va cac chinh sach wu dii thué (nhu giam 50% & phi trudc ba cho xe dién), c6 thé gay bién
dong 1én dén £15.3% vé nhu cau k¥ ning lién quan. Thi hai, su phat trién nhanh chéng cua
cdng nghé mai nhu pin thé ran va céng nghé tu 1ai cip do cao ciing la yéu t6 kho du béo nhat,
c6 thé gay sai s6 +18.5%. Thu ba, phan tich cho thay thoi gian chuyén giao cong nghé tir quéc
té vé Viét Nam hién trung binh 3.7 nim va dang rat ngan dan, anh huong dang ké dén thoi
diém xuat hién ky nang méi tai Viét Nam. Ngoai ra, cac yéu t6 kinh té vi mo (nhu ting truéng
GDP, dong vén FDI) ciing thé hién mdi trong quan manh (r=0.87) v&i toc do xuat hién k§
nang méi. Cudi cung, yéu té hanh vi ngudi tiéu dung (nhu cau xe két ndi va tinh nang hd tro
1ai) va d6 thi héa (tang 1én 55% vao nam 2030) 1a nhitng nhan t6 quan trong anh huéng téi do

chinh xé&c cua dy bao.
3.5 Kha ning trién khai thuc té

Viéc trién khai hé thong Al du b&o ky nang trong méi truong gido duc thuc té doi hoi xem xét
ki ba yéu t6 chinh: chi phi, co s& ha ting va nhan lec. V& ha tang cong nghé, hé thdng yéu
cau may chu ¢6 cau hinh tbi thiéu (CPU 8 cores, RAM 32GB, GPU NVIDIA 8GB VRAM, 6
ciing SSD 2TB) hoic giai phap dién toan dam may (AWS, Google Cloud). V& yéu t con
ngudi, qua trinh dao tao can bo va giang vién mat khoang 2-4 tuan. Viéc xay dung quy trinh
van hanh chuan (SOP), ké hoach nang cép dinh ky (3 thang/lan) va ké hoach quan Iy rui ro.
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Véi cac diéu kién trén, hé thong Al hoan toan co thé trién khai va duy tri thanh cong trong

moi truong gido duc dai hoc tai Viét Nam.
4. Két luan

Nghién ciru d3 phat trién va danh gia mot hé thong Al tu dong hoa trong xay dung
CDR dai han cho nganh Céng nghé k§ thuat 6 to tai Viét Nam. Két qua thuc nghiém tir thang
10/2024 dén thang 3/2025 trén 24,024 diém dit liéu cho thdy hé théng cai thién dang ké hiéu
qua quy trinh x&y dung CBR, vdi thoi gian cap nhat giam 84.6% va do chinh xac du bao xu
huéng k¥ ning dai han (10 nim) dat 86.5% (MAPE = 13.5%). H¢ thong Al da xac dinh 5
nhom k¥ nang chién luoc s& dinh hinh nganh 6 t6 Viét Nam dén nam 2035: Xe tu hanh cip
cao, Céng nghé pin thé hé mai, Két ndi va Dich vu Théng minh, San xuét va Vat liéu Bén
viing, va Tich hop Niang luong Téi tao. Dya trén du bao nay, 8 CBR chién luoc dai han da
dugc phat trién véi do tin cay trung binh 84.8%. Trién khai thuc té tai 3 truong dai hoc cho
thdy hiéu qua cua hé théng trong viéc phat trién CDR thich ung twong lai, voi ty 1& dap tng
nhu cau doanh nghiép dat 92.2% va chi s thich tng tuong lai dat 0.87/1.0. Nghién cau nay
mé ra hudng mai trong Gng dung Al dé cai thién chat lugng gido duc dai hoc tai Viét Nam,
dac biét trong bdi canh chuyén dbi nhanh chéng cua cng nghé 6 t6, dong thai cung cap cong

cu du bao dai han gitip cac truong dai hoc va doanh nghiép chuan bi tét hon cho tuong lai.
Tai liéu tham khao

[1] Vietnam Automobile Manufacturers' Association (VAMA). (2025). Annual report on
Vietnam automotive industry 2024-2025. Hanoi, Vietnam.

[2] Zawacki-Richter, O., Marin, V. I., Bond, M., & Gouverneur, F. (2024). Systematic review
of research on artificial intelligence applications in higher education — where are the
educators? International Journal of Educational Technology in Higher Education, 21(1), 39.
https://doi.org/10.1186/s41239-024-0171-0

[3] Wang, J., Liu, Y., & Zhang, H. (2023). Al-assisted learning outcome development in
engineering education. IEEE Transactions on Education, 66(2), 148-157.
https://doi.org/10.1109/TE.2023.3036063

[4] Liu, Y., Wang, J., & Chen, H. (2024). Al-driven curriculum development for engineering
education. Journal of Educational Technology, 39(2), 142-159.
https://doi.org/10.1007/s10639-024-10987-x

9
Tap 1, S6 1, 2025 DOI: https://doi.org/10.65153/28c1nj31



Tap chi Khoa hec va Cong nghé Truwong Pai hoc Cong nghé Pong A

[5] Ministry of Education and Training (MOET). (2021). Thong tu 17/2021/TT-BGDDT: Quy
dinh vé chuin chuong trinh dao tao; xay dung, thdm dinh va ban hanh chuong trinh dao tao

cac trinh do cua gido duc dai hoc. Vietnam.

[6] Creswell, J. W., & Plano Clark, V. L. (2018). Designing and conducting mixed methods
research (3rd ed.). SAGE Publications.

[7] Braun, V., & Clarke, V. (2021). Thematic analysis: A practical guide. SAGE Publications.

[8] Lawshe, C. H. (1975). A quantitative approach to content validity. Personnel Psychology,
28(4), 563-575. https://doi.org/10.1111/j.1744-6570.1975.tb01393.x

10
Tap 1, S6 1, 2025 DOI: https://doi.org/10.65153/28c1nj31



