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Abstract

This paper proposes an Al-based programming tutoring system that assists learners in detecting programming
errors, understanding their causes, and iteratively improving their code. Instead of simply providing corrected code,
the system employs a learning cycle comprising task definition, code and test-case submission, error analysis,
evidence-based explanations, targeted hints, and learner verification. Its architecture integrates code-structure
analysis, test execution, and a language model for feedback generation, together with a control layer designed
to minimize inappropriate or unsupported Al suggestions. The paper presents the theoretical foundations, system
architecture, operational workflow, feedback model, interface prototype, an illustrative Python programming
scenario, and a proposed experimental design. As no classroom experiment has yet been conducted, the findings are
limited to system design and illustration rather than quantitative evidence of learning effectiveness. The proposed
architecture provides a foundation for future research on programming assessment, personalized feedback, and
the responsible use of Al in information technology education.

Keywords: Al tutoring, automated feedback, code analysis, error detection, problem-solving competence,
programming education.

1. D4t van dé

Trong dao tao cong nghé théng tin, lap trinh [a mét linh vuc doi héi ngudi hoc déng thai van dung
kién thuic cu phép, cau trac dit liéu, thuat toan va ky nang phan tich 16i. Mét chuong trinh c6 thé khéong
chay do 16i ci phap, chay nhung cho két qua sai, hodc chi that bai & mét s6 trudng hgp bién. Vi vay,
phéan héi trong qua trinh hoc khéng nén diing & théong béo “ding/sai’, ma can giup ngudi hoc hiéu
bang chiing nao dan t&i két luan va cach tu ki€ém tra gia thuyét sia 16i.

Su phét trién ctia cdc mé hinh ngdn ng(i tao ra kha nang hé trg viét, giai thich va stia ma véi téc do
cao. Tuy nhién, phan hoi sinh bai Al c6 thé thiéu can cu, bo qua yéu cau cu thé cla bai tap hoac khién
ngudi hoc sao chép IGi giai thay vi tu phan tich. UNESCO nhdn manh cach tiép can lay con ngudi lam
trung tam, trong dé viéc st dung Al trong gido duc can di kém cac yéu cau vé an toan, bao vé di liéu
va thiét ké su pham phu hgp (Miao & Holmes, 2023). NIST cling xem quan tri, lap ban d6, do ludng va
quan ly rdi ro la cac chiic nang c6t 16i khi phat trién hé théng Al dang tin cay (Tabassi, 2023).

Trong thuc té giang day, mét giang vién thudng phu trach cac I6p thuc hanh déng ngudi, nén sinh
vién phai chg lau dé dugc xem ma hodc chi nhan nhiing nhan xét ngan nhu“kiém tra lai vong lap”. Khi
phan hoi cham, ho dé chuyén sang tim I5i gidi c6 sdn hodc nhd cong cu Al viét lai toan bd chuong trinh.
TU van dé trén, bai bao dé xuat mét hé théng trg giang lap trinh theo hudng “Al hé trg — ngudi hoc
kiém ching”. Muc tiéu khédng phai xay dung mot cong cu tu dong lam bai thay ngudi hoc, ma la taora
mai trudng trong dé 16i dugc bién thanh déi tuong hoc tap. Bai bao tap trung vao bén néi dung: (i) xac
dinh yéu cau va nguyén tc thiét ké hé théng; (i) dé xuat kién trac két hgp phan tich ma, kiém thir va

Email: huyvd@fit-haui.edu.vn

(6 PAC BIET | Thang 10/2026 GIA@?( Egg 501




Al; (i) xay dung quy trinh phan héi nhiéu budc; va (iv) minh hoa bang mét bai toan Python cling cac
bang tiéu chi danh gia.

2. Co' s& ly thuyét va cac nghién cuu lién quan

2.1. Phén héi va hé tro theo gian gido

Hattie va Timperley cho rang phan héi hiéu qua can tra 16i ba cau hoéi: ngudi hoc hudng téi dau, hién
dang & dau va budc tiép theo la gi (Hattie & Timperley, 2007). Ba cau hoi nay dugc phan anh trong cau
tric “bang chiing - dién gidi — hanh déng tiép theo” clia hé théng dé xuat. Khai niém vung phat trién
gan nhat ctia Vygotsky (Vygotsky, 1978) va khai niém “gian giao” ciia Wood, Bruner va Ross (Wood et al.,
1976) cho thay hé trg nén vira du, tang khi ngusi hoc gap khé va rat dan khi ho tién bo. Mé hinh bén
muc phan hoi L1-L4 & Muc 4.2 la cach van hanh héa tinh than do. T goc d6 nhan thic, Sweller chira
rang thit - sai khédng dinh hudng cé thé lam qua tai bd nhé lam viéc clia ngudi méi hoc (Sweller, 1988);
do d6, phan héi tét nén giam tai khdng can thiét (chi dung viing ma can xem) nhung van dé ngudi hoc
tu thuc hién phan suy luan cot 16i.

2.2, Hé théng day kém théng minh va phan héi tu déng cho bai ldp trinh

Cac bé day kém nhan thuc theo déi tiing budc gidi cha ngudi hoc va dua goi y dung thoi diém
(Anderson et al., 1995). VanLehn két luan rang day kém chi tiét & muic budc giai c6 hiéu qua gan vai
day kém mot-mot clia con ngudi (VanLehn, 2011). Véi bai tap 1ap trinh, Keuning va céng su nhan thay
phan 16n cong cu hién cé diing & viéc bao 16i va kiém thir ding/sai, trong khi ggi y theo nglr canh va
danh gia hiéu qua su pham con han ché (Keuning et al., 2019); Ala-Mutka ciing phan biét danh gia
dong (chay test) va danh gia tinh (phan tich ciu tric ma) (Ala-Mutka, 2005). Hé théng dé xuat két hop
cé hai dé tao bang chung.

2.3. Mé hinh ngén ngir lén va Al gidi thich duoc

Cac mo hinh ngdn ngit 16n (Brown et al., 2020) ¢ kha nang sinh m3, giai thich ma va stta 16i, nhung
clng lam lung lay cac hinh thic danh gia truyén thong (Prather et al., 2023). CodeAid la mét vi du vé
trg ly dugc thiét ké dé giai thich va goi y thay vi trd ma hoan chinh, song van gép khé khi phan héi chua
sat yéu cau bai tap (Kazemitabaar et al., 2024). Vé giai thich, cac phuong phap nhu LIME (Ribeiro et al.,
2016) va SHAP (Lundberg & Lee, 2017) giai thich dy doan clia mo6 hinh hoc mdy, con Barredo Arrieta va
cdng su nhan manh rang giai thich phai gan véi déi tugng va muc dich st dung (Barredo Arrieta et al,,
2020; Molnar, 2022). Trong trg giang lap trinh, diéu can giai thich la vi sao chuong trinh clia ngudi hoc
sai; vi vay nguén giai thich dang tin cdy nhat la bang chiing ti chinh chuong trinh nhu dong ma, gia tri
bién va test case that bai.

2.4. Khodng tréng va dinh vi dé xudt

Cac cong cu cham bai tu ddng manh vé kiém thir nhung yéu vé phan héi su pham; céac trg ly dua
trén mé hinh ngén nglr manh vé dién dat nhung thiéu ca ché rang budc bang ching va diéu tiét muc
hé trg. Bang 1 so sanh ba hudng ti€p can vai hé théng dé xuat.

Bdang 1: So sanh cdc huong tiep cdn ho trg phan hoi cho bai tap lap trinh

Tiéu chi Cham bai ty dong

Tro Iy LLM thuén

H¢ théng dé xuit

Co s bang chig

Két qué test, log

Van ban ma va 1oi nhac

Test, AST, log, dé bai

Giai thich nguyén nhan Hau nhu khong C6, kho kiém chimg C6, gin v&i bang ching
Piéu tiét mirc hd tro Khong Phu thudc 161 nhic B diéu phdi L1-L4
Nguy co dua dap an Thép Cao Puoc kiém soat

3. Phuong phap nghién ctiu

Bai bao st dung phuong phap nghién ctu thiét ké & muc kién tric va dac ta chic nang. Cach tiép
can nay phu hop vdi giai doan xay dung mé hinh khai niém trudc khi tién hanh thuc nghiém. N6i dung
dugc téng hgp tir cac hudng nghién cliu vé Al dang tin cay, Al giai thich dugc, hé trg lap trinh va phan
héi trong méi trudng hoc tap.

Quy trinh thiét ké gbm nam budc: (1) phan tich yéu cau cta hoat dong hoc lap trinh; (2) xac dinh
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cac nguodn bang chiing ma hé théng phai sir dung trudc khi sinh phan héi; (3) thiét ké kién trac xt ly
ma va kiém thi; (4) thiét ké co ché phan héi theo muc d6 hé trg; va (5) xay dung kich ban minh hoa dé
kiém tra tinh nhat quan ctia luéng x( ly. Trong thiét ké nay, mé hinh ngén ngit khéng dugc coi la nguén
chan ly duy nhat. Phan héi nén dugc déi chiéu véi ma nguén, két qua thuc thi va bo kiém thir trudc khi
hién thi cho ngudi hoc.

Khung XAl dugc st dung nhu ca s& dé phan biét gilra “ggi y c6 thé kiém chiing” va “I6i gidi thich chi
dua trén ngén ngi”. Cac nghién ctiu téng quan vé XAl chi ra rang tinh gidi thich can dugc xem xét cing
béi canh, muc tiéu st dung va gidi han ctia mé hinh (Barredo Arrieta et al., 2020). Vi vay, hé théng dé
xuat uu tién cung cap bang ching cu thé nhu dong ma, test case that bai, gia tri bién va diéu kién dan
tGi 16i. TU Muc 2, nghién ctu rat ra bon yéu cau thiét ké: moi nhan dinh phai gan véi bang chiing kiém
chiing dugc; muc hé trg tang dan theo nhu cau; cac lua chon ma dé bai chua quy dinh thudc vé nguai
hoc; va moi phan héi cing quyét dinh cia hé théng phai dugc ghi lai dé truy vét.

Hinh 1: Kién triic khdi niém cua hé tho”hg tro giang lap trinh dua trén Al

Gigi Lhich
&qoi v sia
Dif liéu bai tan Hién wur Ly M hinh &l
& ma ngudn + phén tich A5 phan tich 1fi \
Phan hai
cha ngui hoc

Wang lap hoc tp: noudi hoo s ma — chay |5 - nhan phan hdi - ty danh qid

4. Két qua thiét ké hé théng

4.1. Ddic diém chirc ndng cia hé théng

Hé théng dugc t6 chiic thanh bén ving chic ndng chinh: ti€p nhan bai ndp; phan tich ma va kiém
th; sinh phan héi; va theo déi vong lap stta ma. Cach t6 chuc nay cho phép tach nhiém vu tinh toan
khéi nhiém vu giao tiép vai ngudi hoc.

Thanh phan ti€p nhan bai ndp luu ma ngudn, ngdn ngit 1ap trinh, yéu cau bai toan va bé kiém thr.
Thanh phan phan tich ma c6 thé sirdung cay ct phap tritu tugng (AST), théng tin 16i khi bién dich hoac
thuc thi, cung két qua clia céc test case. Thanh phan Al nhan cac bang chiing da dugc chon loc thay vi
chi nhan toan bé ma nguén. Cudi cling, bo diéu phoi phan héi quyét dinh mdc ggi y: chi néu vi tri 16i,
dua cau hoi dinh huéng, goi y chién luge hoac giai thich sau han. Viéc chuyén “géi bang ching” thay
vi toan bé ma cho mé hinh Al gitp gidm nguy co mé hinh suy dién nhiing 16i khéng ton tai, cho phép
kiém tra chéo tiing nhan dinh va gidm lugng dit liéu gui di.

4.2. Quy trinh hé tro hoc ldp trinh

Quy trinh dugc thiét ké thanh nam budc lién két. Budc 1 xac dinh muc tiéu gitip hé thong biét nguoi
hoc dang giai quyét loai nhiém vu nao. Budc 2 ti€p nhan ma va test case dé tao bang ching ban dau.
Budc 3 phan tich 16i bang ca thuc thi va phan tich cau tric ma. Budc 4 chuyén cac bang ching thanh
phan héi c6 muc d6. Budc 5 yéu cau ngudi hoc stia, chay lai va gii thich thay déi.

Diém khac biét quan trong la hé thong khong tu déng chuyén ngay tir 16i sang ma hoan chinh. Moi
phan héi nén chia ba 16p: bang ching, dién gidi va hanh dong tiép theo. Vi du, thay vi tra vé toan bo
ham da stia, hé théng c6 thé chira rang danh sach réng lam mau s6 bang 0, yéu cau ngudi hoc dé xuat
diéu kién kiém tra, sau d6 cho phép ngudi hoc chay lai test case.
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Hinh 2: Quy trinh hé tro hoc ldp trinh theo vong Idp phan hoi

L

Xac dinh NGpmé Phén tich i thich Slrama
muc tiéu & test case bi &ogiy & phan tv

He théng khong thay thé thao tac stta ma clia ngubi hoc; Al cung cép bing ching v gi ¥ ¢6 thé kiém tra,

Bdng 2: Mirc d¢ phan hoi dé xudt

Mikc Muc tiéu Vi du phan héi Khi sir dung
L1 - DBinh vi Giup nguoi hoc tim vi tri cinxem | “Kiém tra diéu kién & dong 8.” Ngudi hoe méi phat hién 16i
L2 -Goiy Dinh hudng cach suy nghi “Piéu gi xay ra khi danh sach rdng?” Cén kich hoat tur stra

L3 — Giai thich Néu quan hé nguyén nhan—két qua | “len(a)=0 nén phép chia khong xéc dinh.” | Ngudi hoc cin hiéu 15i

L4 — Mau stra Minh hoa céach stra sau khi da thr | Pua mdt phuong an stra va giai thich Chi dung khi L1-L3 chua du

Muc phan héi dugc chon dua trén tin hiéu tur kho tién trinh: s6 lan nép lién tiép khong lam giam
s6 test that bai, viec ngudi hoc da tra 16i cau héi phan tu hay chua, va mdc hé trg da nhan & lan trudc.
Quy tac co ban la bat dau & L1 hodc L2; chuyén lén muc cao hon khi ngudi hoc da ndp lai it nhat hai
lan ma khéng tién trién; ha xudng khi ho tu sta thanh cong. Muc L4 chi kich hoat khi ngudi hoc chu
dong yéu cau va da trai qua mét chu ky L2 hodc L3 cho cung 16i, d6ng thai viéc xem mau dugc ghi lai.
Cac ngudng nay la tham sé cau hinh theo hoc phan va can dugc hiéu chinh bang dit liéu thuc nghiém;
khi da c6 da dir liéu, bai toan chon muc hé trg c6 thé dugc xem xét bang cac phuong phap hoc tang
cudng (Sutton & Barto, 2018).

4.3. M6 hinh dir liéu phan héi

DPé han ché phan hoi chung chung, méi thédng bao dugc biéu dién theo cau triic gdm: ma 16i, bang
chiing, nguyén nhan, mdc d6 chac chan, ggi y hanh déng va cau hoi phan tu. Cau trdc nay cho phép
giao vién xem lai qua trinh va phan biét 16i ciia ngudi hoc véi 16i do cdng cu phan tich.

Mét phan héi mau c6 thé dugec mé ta nhu sau: ErrorType = RuntimeError; Evidence = “test case []
that bai”; Cause ="mau s6 bang 0”; Hint =“xem xét diéu kién khi d6 dai danh sach bang 0”; Reflection =
“hay xac dinh dau vao t&i thi€u ma ham phai xt ly”. Véi thiét ké nay, Al duoc yéu cau dién dat dua trén
bang chiing da cd, thay vi tu tao ra dir kién. Khi bang chiing dén tur test that bai va dau vét ngan xép,
muc chac chan cao; khi nhan dinh chi dua vao cau tric ma, muc chac chan thap va phan hoi phai dugc
dién dat dudi dang cau héi chir khéng phai khang dinh.

4.4. Giao dién minh hoa

Giao dién dé xuat chia man hinh thanh ba vung: ma nguon, két qua kiém thi va phan tich Al. Viéc
dat ba vung canh nhau gitp ngudi hoc déi chiéu truc tiép gilta chuang trinh, bang ching va 1oi giai
thich. Giao dién cling can hién thi lich st cac lan stta d€ ngudi hoc nhan biét minh da thay déi diéu gi va
thay déi dé cé lam giam 16i hay khéng. Nat “xin ggi y thém” nén chi kha dung sau khi ngusi hoc nhap
gia thuyét ctia minh, nham khuyén khich suy nghi trudc khi nhan ho trg.
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Hinh 3: Giao dién minh hoa cho hé théng tro giang lap trinh

MA NGUON / BAI NOP PHAN TiCH & PHAN HOI Al

def average(a):
return sum(a) / len(a)

*Test: average((]) Bang chiing: len(a) = 0 khia = [].

L6i phat hién: trudng hop danh séch réng.

= 3 Goi y: kiém tra dif liéu trudc phép chia.
TEST CASE & KET QUA
Céu héi phén tu: Vi sao test case nay

khéng thé bé qua khi dénh gi4 ham?
Test 1:[2, 4, 6] - 4,0

Test2:[] - 16ichiacho 0

4.5. Bé tiéu chi ddnh gid sén phdm

G giai doan nghién ctu tiép theo, hé théng can dugc danh gia theo ndm nhém tiéu chi. Thi nhat,
dé chinh xac ky thuat dugc xac dinh bang tilé 16i dugc dinh vi ding khi so sanh véi bo 16i chudn, qua dé
danh gia nang luc phat hién 16i cta hé thong. Thi hai, chat lugng phan hoi dugc hai chuyén gia danh
gia theo rubric vé tinh ding, ré rang va phu hop vai trinh d6 ngudi hoc nham xac dinh gia tri su pham.
Thi ba, tinh gidi thich dugc kiém tra trén timg phan héi dua vao viéc c6 néu bang ching va nguyén
nhan hay khéng, tir dé xac dinh kha nang han ché nhiing nhan dinh thiéu can ci. Th tu, hanh vi hoc
tap dugc do bang s6 lan ngudi hoc tu stra trudc khi xem mau, thu thap tir nhat ky hé théng nham danh
gia muic d6 chd déng. Cudi cing, muc dé an toan dugc danh gia théng qua kiém thir bdo mat, tap
trung vao kha nang ngan ma nguy hiém thuc thi ngoai sandbox va giam thiéu rui ro déi vai hé théng.

4.6. Phan loai 16i va chién lugc phdn héi

Dé bo diéu phéi quyét dinh nhat quan, hé théng can mét bang phan loai 16i du gon dé trién khai.
Hé théng phan loai dé xuat nam nhém 16i thudng gap & hoc phan nhap mén, kém ngudn bang ching
va chién lugc mac dinh; gido vién bd mén cé thé hiéu chinh theo ngdn nglrva néi dung hoc phan. Ranh
gidi gilra cdc nhém khong tuyét déi (16i chia cho 0 c6 thé do bo sét trudng hgp bién hodc hiéu sai yéu
cau), nén nhém 16i dugc gan kém muc chac chdn va cé thé dugc gido vién chinh sla.

Bang 3: Phan logi 16i va chién lupc phan héi méc dinh

Nhoém 15i Biéu hié¢n Ngudn bing chiing Chién lwge mic dinh
Cu phap Khong phan tich dugc (thiéu diu, thut 18 sai) | Thong bao phén tich ¢ phap | L1: néu vi tri
Thuc thi Ngoai 1¢ khi chay (chia cho 0, chi so ngoai Déu vét ngin xép, test L2: hoi didu kién gdy ngoai 1¢

pham vi)

R ia Pung vaéi dir liéu thudng, sai véi rdng hodc in AR LA AR a lAe 2
Truong hop bién cue Test case bién L2: liét ké dau vao toi thiéu
Logic thut toan | Két qua sai & nhiéu test So sanh dau ra, theo doi bién | L2—L3: theo ddi timg budc
Hiéu sai yéu cAu | Chay 6n dinh nhung giai bai toan khac D6i chiéu dé bai L2: dién dat lai dé

4.7. Rang buéc déi véi mé hinh ngén ngir

M6 hinh ngon ngir chi dugc duing & tang dién dat va bi gii han béi bon I6p rang budc. Vé dau vao,
I6i nhac chi chia dé bai, doan ma lién quan, goi bang chiing va muc hé trg cho phép; ndi dung do
ngudi hoc nhap dugc coi la dit liéu khéng dang tin d€ giam nguy co chén chi dan. Vé vai trd, mo hinh
phai trich dan bang chiing cho méi nhan dinh va khéng viét ma hoan chinh trir miic L4. Vé dau ra, phan
héi phai tuan theo luge d6 & Muc 4.3; néu khong hop 1€ sau sé 1an sinh lai gii han, hé théng dung phan
h6i mau theo nhém 16i. Cudi cung, bé diéu phdi kiém tra sau sinh: moi nhan dinh c6 tham chiéu bang
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ching, khéng chira khéi ma dai 8 muic L1-L3 va khong tiét 16 test an hay I6i gidi chuan. L&i gidi chuan
va test an vi vay chi dugc dung & bd thuc thi, khéng dua vao 16i nhic.

4.8. An toan thuc thi, quyén riéng tu'va vai tré cta gido vién

Ma do ngudi hoc ndp la mé khéng dang tin nén phai chay trong sandbox c6 gigi han thdi gian va
tai nguyén, hé théng tép chi doc, chén truy cap mang, danh sach thu vién cho phép va moi trudng cod
lap méi cho méi lan chay. Cac bién phap nay giam rdi ro nhung khéng loai bé hoan toan, nén can kiém
thtr xam nhap dinh ky va danh gia rui ro lién tuc theo tinh than NIST Al RMF (Tabassi, 2023).

Vé d(r liéu, theo huéng dan ctia UNESCO (Miao & Holmes, 2023), hé théng chi nén luu cac trudng
can thiét, dung ma &n danh khi goi mé hinh bén ngoai, phan quyén truy cap, dat thai han luu trit va
théng béo ré cho ngudi hoc rdng Al c6 thé sai. Nhat ky sita ma la chi bao gian tié€p vé qua trinh hoc,
khéng nén dung lam bang chiing ky luat néu thiéu béi canh. Gido vién giir vai tro trung tam: bang diéu
khién cho ho xem phan bé nhém 16i cda I6p, nhiing sinh vién gap kho khan kéo dai va cac phan héi bi
chan; ho cling cau hinh nguéng chuyén muc, bat tit L4 va danh dau phan héi sai dé cai thién hé théng.

5. Vi du minh hoa: phat hién 16i trong ham tinh trung binh

Xét bai toan: viét ham average(a) tra vé gia tri trung binh ctia mét danh sach s6. Nguai hoc viét ma:

def average(a):

return sum(a) / len(a)

Vi dau vao [2, 4, 6], chuang trinh cho két qua 4.0. Tuy nhién, test case [] gay 16i do len(a)=0. Trong
hé théng dé xuat, phan héi dau tién khong nhat thiét dua ngay ma stia. Hé théng c6 thé théng béo test
case that bai, chi ra biéu thiic gay 16i va dat cau héi:“Ham can tra vé gi khi dau vao la danh sach réng?”.
Ngudi hoc sau d6 cé thé lua chon mot quy uéc, chang han tré vé None hodc phat sinh ngoai lé c6 théng
bdo rd rang, tuy yéu cau bai toan.

Vi du cho thay Al c6 thé hé trg dién giai nhanh, nhung quyét dinh vé hanh vi ctia ham van thudc vé
ngudi hoc va yéu cau clia bai tap. Sau khi sra, ngudi hoc phai chay lai toan bo test case. Nhat ky cac lan
stra c6 thé dugc dung dé danh gia qua trinh thay vi chi danh gia chuong trinh cudi cung.

Bang 4: Minh hoa bo kiém thir cho vi du

Test case Két qua mong doi Muc dich Trang thai ban diu
[2,4,6] 4.0 Kiém tra truong hop thong thuong Pat
[1] 1.0 Kiém tra danh sach 1 phan tir DPat
[-2,0,2] 0.0 Kiém tra s6 4m va 0 Pat
(] Theo quy udc cia bai Kiém tra truong hop bién Lbi

Dién tién mot phién lam bai gia dinh nhu sau (chua phai dit liéu thuc nghiém). G 1an ndp dau, hé
thédng gan nhom 16i “trudng hop bién” véi muc chdc chdn cao nhd dau vét ZeroDivisionError va hién
thi phan hoi L1:“Test thi tu that bai ¢ dong 2" Néu ngudi hoc chi boc ma béng try/except ma khong
xac dinh gia tri trd vé va s6 test that bai khong déi, bo diéu phdi nang lén L2 va yéu cau ho mo ta
hanh vi mong muén trudc khi chay lai. Chi sau hai lan nép khéng tién trién, L3 mdi giai thich quan hé
nguyén nhan — két qua; con L4 chi xuat hién khi nguai hoc cht dong yéu cau, dusi dang so sanh khac
biét kém cau hdi phan tu.

Mét vi du khac 1a ham largest(a) véi ma m = 0 r6i duyét danh sach dé cap nhat m. Ma dang véi [3, 9,
2] nhung tra vé 0 vai [-5, -2, -9] thay vi -2. Day la 16i logic do khéi tao bién tich Iy bang 0, khéng phat
sinh ngoai & nén théng bao clia trinh théng dich khéng gitp ich; bang chiing duy nhat la test chia
toan s6 am. Hé théng hién thi dau ra thuc té va mong doi r6i héi: “Diéu gi xay ra néu moi phan tir déu
nho hon gia tri khai tao?”. Khac vai vi du average, quy uéc & day ré rang (danh sach khéng rébng) nén
dap an la duy nhat va cé thé chuyén sang L3 sém hon; & average, hé théng khong ap dat dap éan ma
yéu cau ngudi hoc lam rd yéu cau.

6. Dé xuat thiét ké thuc nghiém

Do chua cé dit liéu I16p hoc, bai bao chi dé xuat, chua thuc hién, ké hoach danh gia. Gia thuyét chinh
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la: so v&i phan héi chi bao dat/khong dat hodc trg ly Al khong bi rang budc, phan héitheo mic dua trén
bang ching gilip ngudi hoc tu stia 16i thanh cdng nhiéu hon véi it 1an xem mau hon, giam ty 1& phan
hoi thi€u can cir hodc 16 dap an, va khéng lam giam két qua & bai kiém tra khéng c6 hé trg Al. Bang 4
tém tat khung thiét ké dé xuat trong mot hoc phan nhap moén lap trinh kéo dai mét hoc ky.

Bdng 5: Khung thiét ké thuwc nghiém dé xudt

Yéu tb Mo ta dé xuit
o Déi ching 1: chim bai tw dong chi béo dat/khong dat; dbi chitng 2: trg Iy Al thong thuong; thuc
Cac nhom n 1 A XA
nghiém: hé thong de xuat L1-L4
Bién phu thudc chinh Diém bai kiém tra phat hién va giai thich 16i khong ding Al ty 16 tur sira thanh cong
Bién phu thudc phu S6 1an nop dén khi dat; s6 14n xem mau; thoi gian sira 16i; mirc d6 hai long
Bién kiém soat Diém dAu vao, kinh nghiém Iap trinh, giang vién, d6 kho bai tap

Rubric ndm tiéu chi (diing, bam bing chimg, phit hop trinh do, goi ma, 16 rang), hai chuyén gia chim

Danh gia chat lugng phan hoi doc lap va che nhan nhém

Hiéu tng m(’yirla, sinh vién dung thém cong cu Al bén ngoai, khac biét nén tang gilra cac nhom, thién
léch nguoi cham

Viéc thém nhém d6i ching thi hai gilp tach tac dong clia “co Al” khoi tac dong cla “thiét ké su
pham c6 kiém soat”. Cac méi de doa trong khung thiét ké trén dugc gidm thiéu bang phan nhém ngau
nhién, hiéu chinh theo diém dau vao, do lap lai & nhiéu thdi diém va danh gia cudi ky c6 giam séat. Ng-
hién clu can dugc ca quan c6 tham quyén vé dao duic nghién ctiu clia nha trudng chap thuan va ngudi
tham gia phai dugc théng bao vé dir liéu thu thap.

7.Ban luan

Hé théng dé xuat c6 thé duoc trién khai trong cac hoc phan nhap mén 1ap trinh, cau trac dit liéu
hoac phat trién phan mém. Gia tri chinh khong nam & viéc tu dong sinh thém ma, ma & kha nang té
chic phan hoi thanh mét chu trinh ¢ bang ching. Khi ngudi hoc nhin thay test case that bai, nguyén
nhan va cau hoéi dinh huéng, ho c6 ca s& dé tu kiém tra gia thuyét sia 16i.

Mot van dé quan trong la nguy co ngudi hoc phu thudc vao Al. Néu hé théng luén tra vé 1o gidi hoan
chinh, hoat ddng nhan thiic 6 thé bi rat ngan. Do d6, muic phan héi nén tang dan theo nhu cau va lich st
thao tac. Cach ti€p can nay ciing phu hop véi quan diém st dung Al ¢6 trach nhiém trong gido duc, trong
dé ngudi hoc van phai chiu trach nhiém déi véi san pham clia minh (Miao & Holmes, 2023).

Vé ky thuat, hé théng can ki€ém soat moi trudng thuc thi. Ma do ngudi hoc gui c6 thé chita vong lap
vé han, thao tac tép hoac hanh vi khéng an toan. NIST Al RMF cung cap mét khung tham chiéu dé xem
xét rui ro xuyén suét vong dai Al, trong dé cac hoat dong quan tri, lap ban d6, do luong va quén ly can
dugc thuc hién lién tuc (Tabassi, 2023). Vi vay, phién ban trién khai thuc té€ nén c6 sandbox, giGi han
thoi gian chay, gidi han tai nguyén va co ché loc dau vao.

Vé danh gia, bai bao chua c6 du liéu I6p hoc nén chua thé két luan hé thdng lam tang diém sé hay
nang luc lap trinh. Cac két qua dugc trinh bay chi chiing minh tinh nhat quan ctia kién trdc va kha nang
mo ta mot kich ban sir dung. Day la diém can giir ré rang khi phat trién thanh bai bao thuc nghiém.

Nghién ctru con mét s6 han ché. Vi du minh hoa dua trén cac bai toan nho bang Python; bai toan
nhiéu tép hoac cé tuang tac vai co sG dit liéu sé dat ra thach thic mai cho phan tich tinh va sandbox.
Phan loai 16i va cac ngudng chuyén muic mai & muic khai dau. Chat luong dién dat phu thudc phién ban
mé hinh ngdn ng( nén can kiém tra hoi quy khi cap nhat. Cuéi cung, hé théng phu thudc vao bo kiém
thir tot: néu gido vién viét test thi€u trudng hgp bién thi bang ching, va do d6 phan hoi, cling sé nghéo
nan. So vai cac trg ly dugc thiét ké dé khong dua ma hoan chinh ngay nhu CodeAid (Kazemitabaar et
al,, 2024), dé xuat nay nhan manh viéc rang buéc nhan dinh bang bang chiing thuc thi va mé hinh hoa
tudng minh diéu kién chuyén muc; tuy nhién day méi la so sanh & muc khai niém.

8. Két luan

Bai bao da dé xuat kién trdic va quy trinh cho mét hé théng trg gidng lap trinh dua trén Al theo dinh

M&i de doa chinh
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hudng ho trg ngudi hoc tu phat hién va sta 16i. Hé thdng két hop phan tich ciu tric ma, thuc thi kiém
th va mé hinh ngén ngl dé tao phan héi c6 can ci. Quy trinh nam budc gém xac dinh muc tiéu, ndp
ma va test case, phan tich 16i, giai thich va ggi y, sau do sita ma va phan tu.

Diém trong tdm ctia mo hinh la chuyén Al tir vai trd “sinh I5i gidi” sang vai trd “hé trg phan héi”. Diéu
nay giup duy tri hoat dong tu phan tich clia ngudi hoc va tao dit liéu vé qua trinh sita ma. Tuy nhién,
hiéu qua gido duc chua dugc kiém ching thuc nghiém trong nghién cttu nay. Huéng nghién cuu tiép
theo can xay dung b6 dir liéu 16i 1ap trinh c6 gan nhan, thuc nghiém véi nhém ngudi hoc theo thiét ké
& Muc 6, danh gia chat lugng phan héi bai chuyén gia va do ludng su thay déi vé nang luc phat hién
16i, gidi thich thuat toan va giai quyét van dé. Béng thaoi, can danh gia riéng cac rii ro vé bao mat ma
nguon, quyén riéng tu va su phu thudc vao Al.
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