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Tom tit: Nghién cieu nay khdo sat vai tro ciia tri tué nhan tao (AI) nhu mét cong cu hé tro nhédn thirc trong quy trinh
thiét ké ky thudt STEM nham phdt trién nang lec gidi quyét van dé ciia hoc sinh THPT. Al khéng dwoc sir dung nhuw cong
cu tao ddp an t ddng ma chi dwoc tich hop & hai giai doan quan trong gom: (1) so sanh va lia chon phwong dn thiét ké;
(2) hé tro cdi tién nguyén mau sau thir nghiém. Nghién civu sie dung thiét ké thue nghiém doi ching truée — sau véi 124 hoc
sinh tham gia hoat d‘ong STEM “Ché tao dong co dién mét chiéu don gian”. Dir liéu deUC thu thap thong qua rubric danh
gid nang lyc gidi quyét van dé, ndang liwc thue hién thiét ké ky thudt va nang lic cdi tién nguyéen mau. Két qua cho thdy hoc
sinh nhém thwe nghiém dat két qud cao hon c6 y nghia thong ké so voi nhom doi chirng o tdt ca cdc thanh phan danh gid.
AI hé tro hoc sinh phan tich phirong dn thiét ké, phan twky thudt va cdi tién nguyén mau dya trén minh chimg thiec nghiém
thay vi suy ludn cam tinh. Nghién cieu gép phan dé xudt mét mé hinh tich hop Al trong gido duc STEM theo dinh hwéng ho
tro suy lugn ky thudt va tw duy phan bién cua hoc sinh.

Tir khéa: Al hé tro nhén thire; gido duc STEM; quy trinh thiét ké kj thudt; nang luc gidi quyét vdn dé; phan tw ky thudt.

ARTIFICIAL INTELLIGENCE AS A COGNITIVE SUPPORT TOOL IN THE
STEM ENGINEERING DESIGN PROCESS FOR DEVELOPING HIGH SCHOOL
STUDENTS’ PROBLEM-SOLVING COMPETENCE

Abstract: This study investigated the role of artificial intelligence (Al) as cognitive scaffolding within the STEM
Engineering Design Process (EDP) in developing secondary students’ problem-solving competence. Al was not used as
an automatic answer generator but was integrated only during two critical stages: (1) comparing and selecting design
alternatives and (2) improving prototypes after the testing. A quasi-experimental pretest—posttest control group design was
conductedwith 124 high school students participating in the STEM activity “Designing a Simple Direct Current Motor.” Data
were collected using performance-based rubrics to assess problem-solving competence, engineering design performance,
and prototype improvement competence. The results indicated that the experimental group significantly outperformed the
control group in all assessment dimensions. Al supports students in analyzing design alternatives, engaging in reflective
engineering reasoning, and improving prototypes based on experimental evidence rather than intuitive judgments. The
findings suggest that conversational Al can function effectively as cognitive scaffolding to enhance engineering reasoning
and reflective redesign in STEM education. This study contributes a pedagogically controlled framework for integrating Al
into STEM engineering design education.

Keywords: Al-supported cognition;, STEM education; engineering design process; problem-solving competence;
technical reflection.
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I. PAT VAN DE

Gi4o duc STEM nhéan manh phat trién niang luc
giai quyét van dé, tu duy k¥ thuat, sing tao va tu
duy béc cao thong qua cac hoat dong gin véi thuc
tién. Trong d0, quy trinh thiét ké k§ thuat (EDP) 1a
khung day hoc quan trong, giup hoc sinh xac dinh
van dé, dé xuét giai phap, ché tao, kiém tra va cai
tién san pham. Tuy nhién, khi trién khai EDP, hoc
sinh thuong gap kho khan ¢ g1a1 doan phan thh
16i, danh gia phuong 4n va cai tién nguyén mau;
cac em dé tap trung vao hoan thanh san pham hon
1a phan tu k¥ thuat. Theo quan diém hd tro nhan
thirc, cong nghé ¢ thé gitp hoc sinh thuc hién
nhiém vu phtrc hop hi€u qua hon. Tri tu€ nhan tao,
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dic biét AI hoi thoai, ¢ kha ning cung cip phan
hoi, goi ¥ suy luan va dit cdu hoi phan tu. Nghién
ctru nay xem Al 13 cong cy hd tro nhan thirc trong
hai giai doan: lya chon phuong an thiét ké va cai
tién nguyén mau, nhé“tm danh gia anh huéng dén
nang luc glal quyét van dé, thiét ké ky thuat va cai
tién san pham cua hoc sinh.

II. NOI DUNG NGHIEN CUU

2.1. Co s6' ly luan

2.1.1. Quy trinh thiét ké ky thudt trong gido duc
STEM

Quy trinh thiét ké k¥ thuat (Engineering Design
Process — EDP) dugc xem & thanh phan cot 15i
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ctia giao duc STEM nham gitip hoc sinh giai quyét
cac van dé thyc tién thong qua hoat dong thiét ké,
thir nghiém va cai tién san pham k¥ thuat (Dym
et al., 2005; National Research Council, 2012).
Theo Dym va cong su (2005), EDP 1a mdt qua
trinh giai quyét van dé mang tinh lap, trong do
ngudi hoc phai lién tuc xac dinh yéu cau, dé xuat
giai phap, danh gia tinh kha thi va diéu chinh thiét
ké dya trén két qua thir nghiém. Khong giéng cac
hoat dong hoc tap tai hién kién thuc, EDP doi hoi
hoc sinh huy dong kién thirc 1ién mon, suy luan
k¥ thuat va tu duy phan bién dé dua ra cac quyét
dinh thiét ké phui hop (Crismond & Adams, 2012).
Vi vay, EDP khong chi hudng tdi viée tao ra san
pham ma con déng vai trd quan trong trong phat
trién nang luc giai quyét van dé va tu duy ky thuat
cua hoc sinh.

Trong thuc tién day hoc STEM, hoc sinh
thuong gip kho khin ¢ nhiéu giai doan cua EDP,
dac biét trong hoat dong dé xuat giai phap, danh
gia tinh kha thi cua thiét ké va cai tién san pham
sau thur nghiém. Nhiéu hoc sinh ¢6 xu hudng lya

chon gidi phap theo cam tinh hodc sao chép y
tuong ma chua thyc sy hiéu nguyén 1i hoat dong
cua san phém. Bén canh d6, hoc sinh con han ché
trong viéc phan tu, theo ddi va diéu chinh qua
trinh hoc tap ctia ban than khi gip cac tinh hudng
thiét ké mo (Kolodner et al., 2003). Piéu nay cho
théy nhu cau can c6 cac hinh thirc hd trog nhan
thirc phti hgp nham gitip hoc sinh phat trién suy
ludn k¥ thuat va diéu tiét qua trinh giai quyét van
dé trong gido duc STEM. Ngoai ra, khi phai dong
thoi xir 1i kién thire khoa hoc, quyét dinh thiét ké
va danh gia nguyén mau, hoc sinh dé gip qua tai
nhan thuce trong qua trinh hoc tap (Sweller, 1988).

2.1.2. M6 hinh AI- EDP trong gido duc STEM

Trong nghién curu nay, Al dugc tich hop truc
tiép vao quy trinh thiét ké ky thuat STEM & hai
giai doan quan trong: (1) dé xuat va lya chon gidi
phap; (2) ché tao va cai tién nguyén mau. M hinh
Al-supported EDP dugc xay dung dya trén céac
nghién ciru cua Dym va cong sy, Kolodner va
National Research Council vé quy trinh thiét ké
k¥ thuat trong gido duc STEM.

Hiéu van de va xac dinh
yéu cau

Ho tro cia Al trong
viée xdy dung nguyén mau

A4

Dip (mg yéu ciu

Tao va lya chon : : Hé trg ciia Al trong
cac giai phdp viée lya chon giai phap
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1
Xay dung nguyén miu o . : —
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Hinh 1. AI- EDP trong giao duc STEM
(Dym et al., 2005, Kolodner, 2002; National Research Council, 2012).

M hinh bét dau tir hoat dong xac dinh van dé
va yéu cau thiét ké. O giai doan nay, hoc sinh phan
tich nhiém vu, xac dinh ti€u chi san phém va cac
rang budc thiét ké. Sau dé, hoc sinh chuyén sang
giai doan dé xuét va lya chon giai phap voi sy hd
tro ciia AL Al ho trg hoc sinh mo rong y tudng
thiét ké, goi ¥ cac phuong an khac nhau va phan
tich wu nhugc diém cua timg giai phap. Thong

qua cac phan hdi mang tinh goi mo, Al gitip hoc
sinh xem xét vin dé du6i nhiéu goc do khac nhau
thay vi Iya chon giai phép theo truc giac.

Sau khi lya chon giai phap, hoc sinh tién hanh
ché tao nguyén mau. Trong giai doan nay, AI tiép
tuc ho tro thong qua viée goi ¥ vt liéu, cdu trac
thiét ké va cach t6i wu hoa san pham. Khi nguyén
mau duoc hoan thanh, hoc sinh tién hanh thir
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nghiém va danh gia mirc d6 dap g yéu cau cua
san pham. Néu san pham chua dat yéu cau hoic
chi dap tmg mot phan yéu cau, hoc sinh tiép tuc
diéu chinh va cai tién thiét ké voi sy hd trg phan
hoi tir AT trude khi thir nghiém lai.

Mo hinh AI- EDP trong gido duc STEM, nhin
manh ban chat lip ctia qua trinh thiét ké ky

thuat, trong d6 hoat dong thu nghiém — danh
gia — cai tién duoc thyuc hién lién tuc nham tbi
rru héa san pham. AI dong vai tro nhu mot cong
cu hd trg nhan thie gitp hoc sinh phan tu, diéu
chinh chién lugc va dua ra cac quyét dinh thiét
ké dya trén phan tich va bang ching thay vi
cam tinh.

Bang 1. Hoat dgng day hoc STEM c6 hd trg Al trong quy trinh thiét ké ky thuat

Giai doan EDP

Hoat dong ciia hoc sinh

Vai tro hd trg ciia AI

Xac dinh van dé

Phan tich yéu cau thiét ké, xac
dinh ti€u chi san pham

Hoc sinh ty xac dinh van d¢ va yéu cau
thict ke

Dé xuét giai phap

Pua ra cac y tudng thiét ké va
lya chon phuong an phu hop

Al goi y y twéng, hd trg phan tich wu
nhuoc diém va lya chon gidi phap

Ché tao nguyén mau

Thiét ke va ché tao san pham

Al goi y cach xay dung nguyén mau va
toi uu hoa cau trac thiét ké

Thu nghiém san pham
cua san pham

Kiém tra kha ning hoat dong

Hoc sinh tir tién hanh thtr nghiém va
danh gia ket qua

Cai tién thiét ké
pham sau thir nghiém

biéu chinh va hoan thién san

Hoc sinh tu diéu chinh thiét ké dua
trén két qua thir nghiém

Béo cao két qua

nguyén li hoat dong

Trinh bay san pham va giai thich

Hoc sinh ty bao cao va phan tu qua
trinh thict ké

2.1.3. Nang lyc gidi quyét vin dé cia hoc sinh
trong gido duc STEM

Ning lyc giai quyét van dé& dugc xem 1a mot
trong nhitng ning luc cdt 161 cua gido duc STEM.
Trong bdi canh thiét ké ky thuét, ning lyc nay
thé hién ¢ kha ning xac dinh van dé, dé xuét giai
phap, thuc hién thiét ké, danh gia két qua va cai
tién san pham dua trén bang ching thuc nghiém.
Khong gidéng cac bai toan c6 cau triic ¢d dinh, cac
van dé trong STEM thuong mang tinh mé va c6
nhiéu phwong an giai quyét khac nhau. Vi vay,
hoc sinh can huy dong kién thic lién mén, tu duy
phan bién va suy luan ky thuat dé dua ra quyét
dinh phu hop.

Trong nghién ctru nay, ning luc giai quyét vin

dé cia hoc sinh duge danh gia thong qua cac thanh
phan: (1) hiéu va phén tich van dé; (2) dé xuit va
lwa chon giai phap; (3) thyc hién thiét ké va ché
tao; (4) danh gia két qua thir nghiém; (5) cai tién
san pham. Cac thanh phan nay phan anh day du
qué trinh giai quyét van dé trong EDP va phu hop
v6i déc trung cua gido duc STEM.

Viéc tich hop Al vao EDP duoc gia dinh s€
hd trg hoc sinh phat trién nang luc giai quyét van
dé thong qua viée ting cuong diéu tiét siéu nhan
thirc, hd tro suy luan k¥ thuat va thic day phan tu
trong qué trinh thiét ké. AI khong thay thé hoat
dong tu duy ctia hoc sinh ma dong vai tro hd trg
nhan thirc nham gitp hoc sinh dua ra quyét dinh
thiét ké hiéu qua hon.

Bang 2. Tiéu chi danh gia ning luc giai quyét vin dé ciia hoc sinh trong chi dé STEM
“Che tao khung day quay trong tir trweong nam cham vinh ciru”

Thanh phan n , . . . .
< P Tiéu chi Mure 1 Mirc 2 Mire 3 Mikc 4
nang luc
Xéc dinh yéu A A
A Y Phan tich day
cau hoat dong . oA A
2z |, A L L L , da yéu cau va
Hiéu van dé va | cua khung day | Chua x4c dinh | Xac dinh dugc | Xac dinh ding cic didu kien
€u cau thict ke [ quay trong tur|dung yéu cau | motphanyéucau | yéu cau co ban N ;
y quay trong gy Ot phan y y hoat dong ciia
truong nam A A
A e hé thong
cham vinh ctru
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Pua ra phuong Cé widi phé Pé xuit nhiéu
bé xuat giai an ché tao | Giai phap chua nhlgrn E(‘mp bé xuat giai | giai phap va
phap thiét ké khung phu hop & X phéap phu hop | gii thich dugc

R han cheé ,
day quay co soO lya chon
Giai thich
neuyen l vhoat cre 1 e Giai thich 1o Gla.l thlc,h ,
et dong cua Giai thich con Giai thich L logic, c6 phan
Giai thich . . ne 1A qua trinh NP .,
khung day 01 rac dugc mot phan A1k tu va danh gia
N thiét ke e 1,
quay va qua giai phap
trinh thiét ke
?han tich s L Lua chon giai | So sanh r0 uu
va luya chon C6 phan tich , . .2 .
Lua chon , Lua chon theo ~ | phép phu hop |nhuoc diém va
e 1y phuong an N nhung chua ro n
giai phap N cam tinh S dua trén lga chon giai
thit ke can cu han tich | phap ti uu
phit hop P phap
Ché tao T’hlet k? va ‘lap Sén phim chura SanApham hoat Sa13 pham 1{0@‘[ S'im p;han‘l hoa‘t
nouvén miy | TP MO hinh hoan chinh dong chua dong co ban | dong on dinh va
sy khung day quay on dinh ding yéu cau | co tinh téi uvu
Phan tich duoc
Kiém tra kha Danh eid duoe nguyén nhan
Thir nghiém | nang quay cua | Chua danh gia| Danh gia con , & ~ 1. | anh huong dén
) . . P , ~.. | mucdodap 2 2a
san pham khung ddy |duoc kétqua |mangtinhmota| |, N chuyén dong
N ung yéu cau ,
trong tu truong quay cua
khung day
p Lk Piéu chinh san e ik C6 cai tién Cai tle’n' pl}u Ca} tle}l hl.@H
Cai tién 2 Chua cai tién hop voi két |qua va gidi
k1A pham sau \ 2 nhung chua y 1 , ~ \
thiet ké thi nohiem | 540 pham hidu qud qua thu thich 10 co s&
ghie 14 nghi¢m diéu chinh

Ghi chii: Al chi hd trg hoc sinh trong hoat dong Iya chon gidi phép va goi y xdy dung nguyén mau trong qua

trinh thiét ké ky thuat STEM.

2.2. Két qua

Nghién ctru nay da khdo sat vai tro Al nhu
mot cong cu hé trg nhan thtc trong day hoc
STEM theo quy trinh thiét ké k§ thuat EDP.
Két qua thyc nghiém cho thay viéc tich hop

Al trong cac hoat dong STEM da gop phan
nang cao nang luc giai quyét van dé, ning llIC
thyc hién thiét ké k¥ thuat va nang lyc cai tién
nguyén mau cua hoc sinh so véi day hoc STEM
thong thuong.

Bing 3. Két qua ning lyuc giai quyét vin dé

, Pre-test Post-test . .
Nhom Mean < SD | Mean = SD Gain score t/F p Effect size
Thyc nghiém 2.81£0.42 | 3.69+0.39 0.88 8.42 <.001 n*>=.35
Déi ching 2.79+0.40 | 3.17+0.44 0.38

Phan tich 6 Bang 3, hoc sinh nhém thyc nghi¢m
dat diém post-test va gain score cao hon rd rét so
v6i nhom ddi chimg vé nang luc giai quyét van
dé. Hiéu qua tac dong 1on (n? = .35) cho thiy Al
hd tro nhan thire ¢6 anh hudng tich cuc dén qua
trinh phan tich van d¢, lya chon giai phap va thuc
hién nhiém vu STEM cua hoc sinh. Két qua nay
xac nhan gia thuyét H1 ctia nghién ciru.

Két qua ¢ Bang 4, Al hd tro hoc sinh cai thién
dang ké ning luc thu:c hién thiét ké ky thuat &
tat ca cac thanh phan gbdm dé xuit g1a1 phap, lya
chon giai phap va ché tao nguyén mau. Piéu nay
cho thay Al ¢6 vai tro nhu mot cong cu h tro suy
ludn k¥ thuat va ra quyét dinh trong qua trinh thuc
hién hoat dong STEM. Két qua nay phu hop véi
gia thuyét H2.
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Bing 4. Két qua ning lyc thye hién thiét ké ky thuat

. A ax .. Nhom thuce nghiém Nhom doi chirn
Thanh phan danh gia Mean = S%) Mean = SD g t p
Dé xuat giai phap 3.82+£0.48 3.21+0.51 5.64 <.001
Lua chon giai phap 3.76 + 0.44 3.09 +0.55 6.08 <.001
Ché tao nguyén mau 3.83+0.46 3.17+0.49 6.09 <.001
Tong nang lyc thict k& 3.80 + 0.41 3,16+ 0.45 6.85 <.001
ky thuat

Ngoai ra, hoc sinh nhom thuc nghiem cO nang
luc phan tich 16i ky thuat dé xuét diéu chinh va
cai tién nguyén mau tét hon nhom dbi ching. Didu
nay ching to Al c¢6 thé hd tro hiéu qua qua trinh
phan tu k¥ thuat (tu danh gia va diéu chinh) trong
day hoc STEM. Két qua nghién ctru xac nhan gia
thuyét H3 va cho thay AI khong chi dong vai trd
cung cip thong tin ma con hd trg hoc sinh trong
qué trinh danh gia va cai tién san pham k¥ thuét.

DPé xem xét anh huong cua Al hd trg nhan thic
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Hoc sinh 3
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dbi voi nang lyc suy ludn k¥ thuat, bdn hoc sinh
dai dién duoc lya chon ngﬁu nhién tr nhém thuc
nghiém va nhom dbi chimg dé so sanh bang biéu
d6 radar (Hinh 2). Biéu d6 radar thé hién nim
thanh phan ning lyc lién quan dén hoat dong
STEM c¢6 hd trg Al bao gom: hiéu yéu cau thiét
ké (S1), so sanh cac phuong an thiét ké (S2) ra
quyét dlnh k¥ thuat (S3), che tao nguyén mau (S4)
va cai tién lap lai nguyén mau (S5).

Hoc sinh 2

[ -GroUp e C-Group
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Hinh 2. D4 thi k¥ ning ctia hoc sinh nhém dbi chimg E va nhém thue nghiém C

Hinh 2 cho thay nhom thuc nghiém c6 dién tich
biéu do radar 16n hon dang ké so véi nhom ddi
chung & tat ca cac hoc sinh dai dién. Dya trén udc
lugng hinh hoc, dién tich trung binh cua biéu dd
radar & nhom thyc nghiém dat khoang 170,8 don
vi twong ddi, trong khi nhom ddi chimg chi dat
khoang 94,2 don vi. Chénh I¢ch dién tich khodng
76,6 don vi cho thdy hoc sinh trong nhém ¢ hd
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trg Al phat trién dugc hd so ning lyc suy luan k§
thuat toan dién va can bé“mg hon.

Su khac biét 16n nhat duge quan sat & S2 (so
sanh phuong an thiét k&) va S5 (cai tién lap lai
nguyén mau). Két qua nay cho thdy AI hd trg
nhan thuc dac biét hiéu qua trong céc giai doan
c6 yéu cau nhan thic cao ciia Quy trinh thiét ké
ky thuat (Engineering Design Process). Thong
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qua céc tuong tac phan tu véi Al, hoc sinh c6 kha
ning danh gia tt hon cac phuong an thiét ké, xac
dinh diém han ché ciia nguyén miu va diéu chinh
thiét ké dva trén minh ching thir nghiém. Nguoc
lai, nhom d6i ching thé hién két qua thap hon &
cac thanh phan lién quan dén cai tién nguyén mau,
cho thay day hoc STEM truyén thdng co thé chua
ho tro déy da cho hoat dong danh gid phan tu va
cai tién k¥ thuat mang tinh 1ap lai.

Nhin chung, nghién ctru gép phan dé xuat mot
mo hinh tich hop Al trong gido duc STEM theo
hudng kiém soat su pham, trong d6 Al khong tao
16 gidi thay hoc sinh ma déng vai trd hd trg nhan
thirc & cac giai doan quan trong cua quy trinh thiét
ké ki thuat dac biét la so sanh phuong an thiét ké
va cai tién nguyen mau. Két qua nghlen ctru cho
thdy Al ¢6 tiém nang tro thanh cong cu hd tro hidu
qué cho viéc phat trién tu duy k¥ thuat, giai quyét
van dé va hoc tap STEM ¢ trudng phd thong.

III. KET LUAN

Nghién ctru nay cho thay viéc tich hop Al nhu
mot cong cu hd tro nhan thie trong quy trinh thiét
ké k¥ thuat STEM c6 tac dong tich cuc dén nang luc
giai quyét van dé, tu duy k¥ thudt va nang luc cai tién
nguyén mau cua hoc sinh. Al khong déng vai trod tao
101 giai tur dong ma hd tro hoc sinh phan tich phuong
an thiét ké, phan tu va dleu chinh san pham dua trén
két qua thir nghiém. Két qua nghién ciru gop phan
khang dinh tiém nang cta Al hoi thoai nhu mdt cong
cu cognitive scaffolding trong gido duc STEM.

Nghién ctru di dé viéc tich hop Al trong gido
duc STEM cén duoc kiém soat vé mit su pham
va dinh hudng theo hd trg suy luan ky thuat thay
vi thay thé hoat dong tu duy cua hoc sinh. Trong
thuc tién day hoc, gido vién nén st dung Al &
cac giai doan hoc sinh gap kho khan nhu phan
tich giai phap, danh gia nguyén mau va iterative
redemgn nhim ting cuong phan tu va giai quyét
van dé trong hoat dong STEM.
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