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TOM TAT

Trong boi canh chuyén doi sé gido duc, viéc tim kiém cdc phirong phdp gidng day tich cwc nham
ndng cao mirc dé tuwong tac va déng lic hoc tdp ciia nguoi hoc tré nén ngay cang quan trong. Cdu
triic div liéu va Gidi thudt (CTDL&GT) dwegc xem la mot trong nhitng hoc phan khé doi véi sinh vién
nganh Céng nghé théng tin do ddc trumg trivu twong cao va yéu cau tw duy logic phirc tap. Bai bdo
dé xudt mé hinh co sé tri thirc (KB), thiét ké ba ché dé choi (don, thik thach sinh ton, nhiéu nguwoi) va
két hop cdc yéu té tro choi héa nhie hé thong diém thuéng (Points), bang xép hang (Leaderboards),
huy hiéu (Badges) va cdc mé phong thudt todn truc quan. Hé thong dwoc thiét ké theo quy trinh
ADDIE va trién khai thir nghiém trén 40 sinh vién CNTT. Két qua thwc nghiém ban dau cho thdy img
dung cdi thién dang ké kha ndng hinh dung thudt todn, ndng cao ty 1é bao phi kién thirc (tir 50.8%
lén 75.4%), tang diém trung binh (63.5 + 42 1én 74.6 + 33) va déng e hoc tdp thong qua twong tdc,
hop tdc va phan hoi tirc thoi.

Tir khéa: tro choi hod, cdu tric dir liéu & giai thudt, biéu dién tri thirc, hoc tdp twong tac, dong luc
hoc tdp
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ABSTRACT

In the context of digital transformation in education, Data Structures and Algorithms (DSA) remains
one of the most challenging courses for Information Technology students due to its high level of
abstraction and complex logical thinking requirements. This paper proposes a formal knowledge-
base (KB) model, along with design solutions and the development of a gamified application
supporting DSA learning. The system integrates gamification elements such as Points, Leaderboards,
Badges, and interactive algorithm visualizations, organized into three distinct gameplay modes:
single-player storyline, survival challenge, and multiplayer collaboration/competition. Developed
following the ADDIE instructional design process, the application was experimentally deployed with
40 IT students. Initial experimental results demonstrate that the system significantly improves
students’ ability to visualize algorithms, increases knowledge coverage (from 50.8% to 75.4%), raises
average scores (from 63.5 =42 to 74.6 £ 33), and enhances self-learning motivation through real-
time interaction, collaboration, and immediate feedback mechanisms.
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1. DAT VAN DE

CAu trac dir liéu va Giai thuat (CTDL&GT) 1a hoc phan nén tang quan trong trong nganh Cong nghé
thong tin, doi hoi tu duy logic, kha nang phan tich va giai quyet van dé hiéu qua. Tuy nhién, do tinh
triru twong va d phire tap cao, mon hoc nay thuong gay nhiéu kho khan cho sinh vién trong qua trinh
tiép thu kién thirc [1]. Cac nghién ctru cho thiy nguyén nhan chi yéu xuat phat tir viéc thiéu cong cu
minh hoa truc quan cho thuat toan, phuong phap giang day con han ché vé kha ning tuong tac va
phan héi tirc thoi, cling nhu sy khac biét vé nén tang kién thirc giita ngudi hoc [2]. Trong nhiing ndm
gan day, tro chot hoa [3] da tr¢ thanh m6t m6 hinh dugc ap dung rong réi trong nhiéu linh vuc, dic
biét 13 trong gido duc, nham ting cudng dong luc va mic do tham gia cuia nguoi hoc théng qua cac
co ché phan hoi tirc thoi va tuong tac. Trong bdi canh chuyen dbi sb hién nay, viéc nghién ctru va
phat trién cac hé thong hd trg hoc tap CTDL&GT tich hop yéu td tro choi hoa duge xem 1a mot hudng
tiép can tiém ning nham nang cao dong luc hoc tap va hiéu qua hoc tip cua sinh vién.

2. TONG QUAN TAI LIEU

Hién nay, mé hinh tro choi hoa trong gido duc ngay cang dugce quan tim va nhiéu nghién ciu da
chl'Ing minh hi¢u qud cuia phuong phap nay trong viéc gia tang dong luc hoc tap va muc d¢ tham
gia cua nguoi hoc. M6t nghién ctru trong linh vie Co dién tur [4] cho thidy nhom sinh vién duoc ap
dung yéu_ t6 bang xép hang dat diém trung binh cao hon (M = 68.2) so v6i nhom dbi chimg (M =
60.51), dong thdi nhém thuc nghiém (25.01 1an) c6 s lan twong tac nhiéu hon so v6i nhom di
chung (18.36 1an). Tuong tu, nghién ctru [5] tai Truong Pai hoc Su pham Thanh pho Hb Chi Minh
ve day hoc Dia ly 16p 12 va viéc ap dung tro choi hoa trong cac khoa hoc truc tuyén mo (MOOCs)
tai Philippines [6] cing ghi nhén su cai thién vé mirc ¢ hing thu va két qua hoc tap cua ngudi hoc.

Nhitng két qua nay cho thay tro choi hoa 13 mot phuong phap kha thi trong viéc thiic day qua trinh
day va hoc trong nhiéu bdi canh gido duc khac nhau [7]. Bén canh dé, nghién ctru tai TAy Ban Nha
[8] chi ra rdng cac md hinh trd choi hoa siu, v6i nhiém vu thir thach va co ché phan hi lién tuc, ¢6
thé nang cao kha nang tu duy va giai quyét van dé cua ngudi hoc. Tuy nhién, phan 16n cac nghién
ctru hién nay chu y€u tap trung vao cac linh vye nhu ngoai ngir, khoa hoc xa hoi hodc cac khoa hoc
truc tuyen pho thong. O cac nghién ciru [9, 10], tac gia da thiét ké cac giai phap va phat trién trg 1y
40 hd trg hoc tap hoc phan CTDL&GT. Méac du da cai thién kha nang tlep can kién thutc, cac hé
théng nay van mang tinh thu dong va thiéu yéu té twong tac, canh tranh. Cac nghién ciru [11 - 13]
tap trung xay dung hé théng danh gia kién thitc cho CTDL&GT. Tuy nhién, cac hé thdng nay van
mang tinh danh gia thuan tay va chua tich hop yéu t6 tro choi héa dé tang dong luc hoc tap. Viéc
ap dung tro choi hoa cho cac hoc phan mang tinh k¥ thuat cao nhu CTDL&GT van con han ché,
dac biét trong viéc thiét ké cac hoat dong hoc tap co cau trc gén vé6i tién trinh hoc tap va co ché
phan hoi lién tuc. Xuét phét tir co s& d6, nghién ctru hudng dén thiét ké va trién khai mot hé thong
hd tro hoc tap hoc phan CTDL&GT tich hop céc yéu td tro choi héa nham ting cudng dong luc hoc
tap va cai thién mirc dJ tuong tac cua sinh vién. Trong bai bao nay, ching t61 tap trung vao cac muc
tiéu sau:

- Pé xuit mo hinh t6 chirc co ché tro choi héa va kich ban hoc tap nham tang cuong dong luc hoc tap
va thuc ddy sinh vién van dung kién thitc CTDL&GT trong giai quyét van dé.

- Xay dung va trién khai mot tng dung hoc tip CTDL&GT c¢6 tich hop yéu t trd choi hoa nham hd
trg sinh vién ti€p can khai ni€ém thudt todn moét cach truc quan va hi¢u qua hon.

- Panh gi4 hiéu qua cua hé thong thong qua dit liéu hoc tap thu thap trong qua trinh sir dung, bao gdm
murc do tuong tac, thanh tich va tién trinh hoan thanh cac hoat dong.

3. PHUONG PHAP NGHIEN CUU , 7
Nghién curu tép trung vao thiét k& moé hinh co s¢ tri thue, cac ché dd choi, thudt toan phan bo hoat
dong va co ché tro choi hoa.
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3.1. M hinh co s tri thirc CTDL&GT hd tro tro choi hoa
Co s6 tri thire (KB) duogc thiét ké nham hd tro da dang hoa cac hoat dong hoc tap (A) nhu cac dang
cAu hoi, minh hoa thuit toan, bai tip l4p trinh. Co s tri thirc KB dugc biéu dién boi bd céu trac
(tuple) sau:
KB=(C,K, B, P, A, O)

Trong do,

={C1, Gz, G, Ca, Csj: tap cac chuong CTDL&GT (Ci: Tong quan CTDL&GT, C:: Danh sach
hen két, C3: Tim kiém & Sap xép, Ca: Hang doi & Ngan xép, Cs. Cay).

K: Tap tat ca khai niém kién thirc CTDL&GT, v6i K = UcecKe -

B ={R, U, AP, AN}: Tap mtrc d¢ nhan thirc Bloom, véi R - Nhan biét, U - Hiéu, AP - Van dung,
AN - Phan tich.

P = {P1, P2, P3, P4, Ps, Ps}: Tép céc giai doan do kho (Pi—P-: D¢, P3—P4: TB, Ps—Ps: Kho).

A =Q UV U D: Tép cic hoat dong hoc tap bao gom:
+ Q: cau hoi véi cac dang (MCQ: Tréc nghiém truc quan, FS: Dién khuyét chudi, FN: Dién
khuyét s6, FNS: Dién khuyét chudi s6, MP: Ghép cip).
+ V: Minh hoa tryc quan thuat toan (Visualization).
+ D: Bai tap 1ap trinh (Debug).

MOi hoat dong a € A duoc gén voi mot gid tri 1oi ich dinh lugng (utility) nham phan anh lugng kién
thire va do phure tap cua hoat dong theo cong thirc:
Ua =wp(a) x wy(a)

Trong do, wy la trong s6 mirc d6 nhan thuc Bloom cua hoat dong a (R=1, U=2, AP=3, AN=4); w, la
trong s6 do kho cua giai doan P chira hoat dong a do. (P1—Ps: 1-6). Vi du hoat dong hoc tap la cau
hoéi nhu: Cho mang da duwoc sap xép tang dan, A=[2, 5, 8, 12, 16, 23, 38, 56]. Thuec hién thudt todn
tim kiém nhi phén d@é tim phan tir 16. Sau lan so sanh dau tién, phan tir ndo sé dwoc chon lam phan
tir gita? Cau hoi nay thudc Cs (Tim kiém va Sip xép), mirc 46 Bloom 13 U nén wp = 2, 6 khé P> nén
wp = 2. Do d6, gid tri lgi ich dinh lugng tuong ing ctia hoat dong 1a U, =2 x 2 =4,

- O: Tap chuan dau ra mén hoc véi timg chuong {O1, 02, O3, O4, Os}
+ (01, C1): Hiéu céc khai ni¢m, do phurc tap va cach bi€u dien thuat toan.

+ (03, Cy): Phan tich cac bai toan tim kiém, cac rang budc va giai phép.
+ (03, C2): Phén tich cac bai toan sip xép, cac rang budc va giai phap.
+ (04, C3-Cs): Nam virng céc cau trac dit liéu co ban cho lap trinh.

+ (Os, C3—Cs):Trién khai cac CTDLva thudt toan véi cac bai toan don gian.

3.2. Thiét ké té chirc phan bd hoat ddng hoc tap cho ché dd choi don

Ché d6 choi don duoc thiét ké nhu mét 16 trinh tuyén tinh phan 16p, trong d6 mdi chwong (C) dong
vai tro 1a mot cot mdc trong qua trinh hinh thanh tu duy thuat toan cia ngudi hoc. Co ché nay giup
chia nho kién thte thanh cac don vi nho, ddng thoi do luong su tién bd hudng téi chuin dau ra (O)
thong qua cac rang budc cua KB.

3.2.1. Quan h¢é tien dé va 1§ trinh mo khoa
Pé dam bao tinh khoa hoc va sur pham, h¢ thong thiét lap quan hé tién dé (pr €K x K) nham t6 chirc
16 trinh hoc tap tuyén tinh tir cac khai niém nén tang dén ndi dung nang cao. Hé théng thuc hién qua
trinh sau dé xay dyng 16 trinh:

(K, pr, unlock) - (unlocked_list, is_goal_achieved, deficiency_list)
Trong do:
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unlock: K — {True, False}: Ham md& khoa khai niém, unlock(k) = True & V k' € pr(k),
correctness(k') > 0.5. Ham correctness(k') € [0,1] 1a d6 chinh xac danh gia mirc d¢ hoan thanh cua
nguoi hoc trong mot man choi xac dinh dya trén tong gia tri 191 ich cia cac hoat dong lam dung trén
a U,
tong gia tri loi ich cta tt ca cac hoat dong thanh phan, duoc tinh theo cong thirc: ZZEA‘%
a€Atotal
unlocked_list: Danh sach céc khai ni¢m da dugc mo khoa co thé hoc ngay;
is_goal achieved: Co cho biét nguoi hoc da dat chuan dau ra;
deficiency list: Danh séch cac khai niém con yéu can cing co.

Pé dam bao tinh hop 18 cta 16 trinh hoc tap, quan h¢ tién dé phai khong c6 chu trinh, tic min
|cycles(pr)| = 0. Sau khi klem tra diéu kién nay, hé thong duyét toan bo tap tri thire K dé xac dinh cac
diéu kién m¢ khoa. Voi m01 tri thuc k, h¢ thong duyét tap cac tri thire tlen dé pr(k). Mot tri thire k
moi chi duge mé khoa khi tt ca cac tri thire tién dé cua n6 da dat ngudng t6i thidu correctness(k’) >
0.5 v6i Vk' € pr(k). Nguoc lai, néu ton tai tri thtrc tién dé chua dat ngudng (correctness(k’) < 0.5) hé
thong s& dua vao deficiency list dé canh bao nhitng 16 hong tri thirc can ctng cb. Qua co ché nay, hé
thong dam bao viéc mo khoa tri thirc theo dung trinh ty su pham va hd trg ngudi hoc nhan biét cac
n6i dung can 6n lai dé dat duge muc tiéu hoc tap.

3.2.2. Phdn bé hoat déng hoc tdp theo thang bloom va d¢ kho

Dua trén cac quan hé tién dé da thiét 1ap, cac hoat dong hoc tap dugc phan bo theo thang nhan thuc
Bloom nham dam bao su tién trién hop 1y vé mirc do nhan thic va d6 kho. Bang 1 mo ta cau tric va
phan loai cac dang hoat dong hoc tap (A) dugc trién khai trong moi chuong, bao g@)m ba nhom chinh:
Cau hoi Iy thuyét (Q), minh hoa truc quan hoa (V) va bai tap lap trinh (D). Ngoai ra, 16 trinh con phan
cip theo ty 1& tuyén tinh voi do kho ting dan theo thang Bloom (B) va muc do (Level) duoc 4nh xa
voi céac giai doan (P).

Bing 1. Bang phén bd ty 18 hoat dong trong ché d¢ choi don theo timg chuong

Mirc do P B Dang ciu héi(Q) | Minh hoa (V) | Bai tap lap trinh (D) | Tyl
x B R | MCQ, MP Quan sat hoat | Sira 16i/ b6 sung cu .

be | P U IMCQ.FS inh tw dong | phap don gidn >0%
Trung B MCQ, FN, FNS Thao tac tung AL s , o

binh P3Py o MCQ. FN. FNS. FS | budc Viét ham xtt ly don1é¢ | 30%

FN, FNS, FS, MP | Ddi so4t mi Gii quyét bai todn

7 - A I 0

Khoé Ps—Ps AN | FS, FNS,MP nguon voi hoat tron ven 20%

anh minh hoa

Ghi chu: MCQ = trdc nghiém truc quan; FS = dién khuyét chudi; FN = dién khuyét s6; FNS = dién
khuyet chuoi so; MP = ghép cap

Béang 2 thé hién kich ban céc hoat dong hoc tap dugc phan bd trong chuong 1, tir cac hoat dong dé
dén kho, ddng thoi xen k& ba loai hinh O cho cac man Iy thuyét, ' va D cho mét sé man choi dic thu
can truc quan hoa. Sy phan bd tuyén tinh nay ddm bao ngudi hoc duoc dan dat tir nhan biét dén van
dung va phan tich mot cach c6 hé thong, dong thoi duy tri su can bang giira Iy thuyét, thuc hanh va
trdi nghiém tryc quan, gitp tang cuong kha ning ghi nhd, tu duy logic trong lap trinh.

Bang 2. Bang kich ban t6 chirc hoat dong hoc tdp chuong 1 (C1) trong ché dé choi don

Mire db Noi dung chwong 1 (C)) lg‘f‘ttag‘-’(‘;g) M t kich ban
D& Khai niém vé CTDL&GT Q [R-MCQ-3, R-MP-2]
Dé& Céc tiéu chuan thuit toan Q [R-MCQ-2, R-MP-1, U-MCQ-2]
Dé Biéu dién thuat toan Q [R-MP-2, U-MCQ-2, U-FS-1]
Dé D0 phuec tap thuat todn - P1 Q [U-MCQ-3, U-FS-2]

Hong Bang International University Journal of Science ISSN: 2615-9686



474 Tap chi Khoa hoc Trworng Pai hoc Quéc t& Hong Bang - S6 Dac biét: Hoi nghi Khoa hoc Tugi tré [an thi 2 - 5/2026
L A Hoat djng A xps .
Miurc do Noi dung chuwong 1 (Cy) hoc tap (A) Mo ta Kich ban
x A At oo Minh hoa dém cac phép toan trong
be D0 phirc tap thuat todn - P2 v doan chuong trinh va tinh dd phtic tap
Dé D¢ phtc tap thuat toan - P3 D Hora n ﬂAnen cup hdp con thiéu va dy
doan do phuc tap
Trung binh | Péanh gia thoi gian thuc hi¢n - P1 \Y Minh hoa so sanh thoi gian thye thi ham
Trung binh | Panh gid thoi gian thuc hién - P2 D H?an thién ham Vo Athm; gian thye
hién trong pham vi yéu cau
Trung binh | Phan 16p theo dd phirc tap Q [U-MCQ-2, U-FN-2, U-FNS-1]
Trung binh | Dt li¢u Q [U-MCQ-2, AP-FN-2, AP-FS-1]
Kho Cau tric dir lidu Q [AP-FNS-2, AN-FS-2, AN-MP-1]
Khoé Quy trinh xay dung phan mém Q [AN-FS-2, AN-FNS-1, AN-MP-2]

3.3. Thiét ké té chirc kich ban hoc tap & ché dd thir thach

3.3.1. Co ché choi thir théch

Khac voi ché d6 choi don theo 16 trinh tuyén tinh, ché do nay gitp tong 6n va danh gia ning luc tong
hop, yéu cau nguoi hoc van dung kién thirc nhidu chuong trong méi truong c6 do khé cao hon. Trong
ché dd nay, hanh trinh cua ngudi hoc dugc mo hinh héa thanh mat chudi cac giaidoan S= {1, 2, ...,
100}, trong d6 mdi giai doan twong Gmg véi mot thir thach cu thé. Ngudi hoc duge cap mot sb lugng
sinh mang t6i da (lifemax) va muc tiéu chinh 1a t6i da hoa xac suat hoan thanh toan bo chudi thir thach.
Trong qua trinh tham gia, ngudi hoc phai tuan thu mét sO rang budc nhat dinh nhu sau: i) nguoi choi
phai duy tri s6 luong sinh mang 16n hon 0; i1) mdi 1an tht bai tai mdt man, s6 sinh mang s& bi trir
dan, lam gia ting ap luc va yéu cau d6 chinh xé4c trong qua trinh thyc hién.

3.3.2. Phan bé hoat dpng theo giai doan dé khé ) .
H¢ thong chia 100 man choi thanh 6 giai doan (P1 dén Ps) v6i dg kho tang dan, duge dinh nghia thong
qua ma tran phan bo Bloom, dang cau hdi va cac chuong ndi dung (C; dén Cs).

Béng 3. Céc giai doan phan bd theo dd kho cho ché do thir thach

P S Diff Bloom C C, Cs Cy Cs
p | 1.20 | 00-0n | R-70% |RIMCQ-2]| R[FS-2] | RIMCQ-1] [ R[FN-1] | RIMCQ-1]
‘ U U-30% U[MP-1] U[MCQ-2]

R-40% | RIMCQ-2] | RIMCQ-1] | RIMCQ-1] | U[MCQ-1] | U[MP-1]
Py | 21-40 | 02-04 | U-40% U[MP-1] | U[FNS-1] | AP[FNS-1]

AP-20% AP[FS-1]

U-50% - U[MP-2] | U[FN-2] | U[MCQ-1] | AP[MP-1]
P3| 41-60 1 04-06 | \p 500, AP[FS-1] | AP[FS-2] | AP[FNS-1]
v | 61-80 | 06-08 | AP-60% - AP[FS-1] | AP[FN-2] | AP[FNS-2] | AN[FNS-1]
U 2700 | AN-40% AN[MP-1] | AN[MP-2] | AP[FS-1]

AP-40% - AP[FS-1] | AP[FNS-2] | AP[FS-1] | AN[FNS-2]
Ps | 81-90 1 08-09 1 \\1 609 AN[MP-2] | AN[FNS-2]

AP-20% - - AP[FNS-1] | AN[FS-2] | AP[FS-1]
P | 91-100 1 0.9-10°1 \\1 g0y, AN[FN-2] | AN[MP-2] | AN[FNS-2]

Béng 3 trinh bay ma tran phan bo hoat dong hoc tap theo timg giai doan thir thach. Mdi dong biéu
dién mot giai doan do kho (phase), trong khi cac cot C1—Cs twong (g véi cac chuong ndi dung cia
hoc phan CTDL&GT.
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3.3.3. Co ché diéu phéi dp khé hoat dong

Trong ché d6 thtr thach, do kho hoat dong tang dan gitip dinh luong hoa ning luc tong hop ctia nguoi
hoc. Nguoi hoc chi duoc chuyén sang man tiép theo khi hoan thanh man hién tai. Néu thét bai, hé
thdng s& trir mot sinh mang va yéu cau nguoi hoc thuc hién lai man choi. Hé thdng ap dung thuat
(Algorithm 1-2) dya trén ma tran (Bang 3) dé khoi tao cc man choi ¢ ché do nay. Céc cau hoi duge
trich xuat tir KB dam bao dong thoi hai rang budc: ty 16 Bloom va dinh dang theo chuong. Dbi véi
cac hoat dong thuc hanh (V, D), s& rang budc bdi do kho (diff) cia a dugc tinh toan theo cong thurc:

N,=0-0.5

diff(a) = S
@ Na¢0—>1—N—a

a

Trong d6, S.: S6 luot hoan thanh ctia hoat dong hoc tap hién tai; N,: Tong s luot da choi ctia hoat
dong hoc tap hién tai.

Algorithm 1: CHALLENGE MODE_ESCALATION
Input: 5, lifen.x, session_id
output: final stage, update status
Procedure:

1. INITIALIZE current_life — lifemnx; current_stage « 1;

is alive « TRUE; used acts « []
2. WHILE current_stage = |S| AND is_alive == TRUE DO:
5 id « Khdi tao id cho man choi

Pcurrent — phase identify(current stage) // VD:Stage 1-20 — Pi
act_type « get_stage_ type (current_stage) // VD:Stage 1 — QIVID
stage_acts « SELECT CHALLENGE ACTIVITY // BAlgorithm 2
used_acts « used acts U stage acts
init:stage_recara(session_id,_S_id, current_stage) //Ehdi tao ban
ghi cho man choi
correctness — execute act (stage_ acts)
IF correctness < 0.5 THEN:

current_life « current life - 1

IF current life = 0 THEN: is_alive - FALSE; PROMPT “Game Over”
ELSE:

status « SCORING_AND REWARDING(s_id) //BRlgorithm 4

current stage — current stage + 1

IF current stage > |S| THEN: PROMPT “Pi pha diao tha thach!”
ENDIF
update stage result(s_id, correctness) // C&p nhit k&t qud man choi

ENDWHILE
3. RETURN (final stage: current stage, update status )

Hinh 1. Thuéat toan td chitc man choi & che do thu: thach

Algorithm 2: SELECT CHALLENGE ACTIVITY
Input: stage id, Peusrene, act type, alloc table, used acts, Q, V, D
Output: stagg acts B B B
Procedure:
1. INITIALIZE stage_acts « []
2. IF act_typs == "Q" THEN:
//LAy ban phin phdi clia giai doan cu thé
target matrix « get_phase matrix(alloc table, Pecurrens)
//Cheon loc tép cédu hédi dua trén tung cip bloom vad chuong
FOR EACH cell(b,c) IN target matrix DO:
candidate_se: « {g E ¢ | matchi(g, b, c) BAND g & used acts}
IF candidate set == @ THEN:
PROMPT “Fhéng cé hoat ddng phii hop” //Fallback
ENDIF
g + get_random alloc (candidate set, target_matrix)
APPEND g TO stage acts
ENDFOR
ELSE:
(diff min, diff max) « get diff range(alloc table, Pcurrenz)
IF act_typs == "V" THEN: pocol « V ELSE pool « D ENDIF
candidate set « []
FOR EACH a IN pool DO: a diff « 1 — (a.Sa / a.Na)
IF diff min = a diff £ diff max AND a € used acts THEN
APPEND a TO candidate:se: -
ENDIF
ENDFOR
IF candidate_ set == THEN :
PROMPT “Ehéng c& hoat déng phu hop” //Fallback
ENDIF
a « ge:_randcm(candidate_set]; BAPPEND a TO stage_acts
ENDIF
3. RETURN stage acts

Hinh 2. Thuat toan chon hoat dong hoc tap & ché do thir thach
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3.4. Thiét ké co ché hoc tap twong tic cho ché d choi nhiéu
Trong khi cac ché do trude do tap trung vao trai nghi¢m cé nhan hoa, ché do choi nhiéu nguoi dugc
thiét ké nhim ting cuong twong tac gitra nhidu ngudi hoc va thic ddy dong luc hoc tap. Cho tap hop
cac d0i choi T va cac hoat dong hoc tap Act € A. Muc tiéu cua mdi doi la t6i wu hoa ham loi ich cua
ddi (Uy), duoc xac dinh boi su can bang gitra diém s6 va thoi gian.

U; = (Score; X correctness) — (A X duration,)

Trong d6, Score, 13 tong diém cua cac hoat dong (Xaeact Ua); duration, 1a thoi gian hoan thanh cua
do61; A 1a hé so phat theo thoi gian.

Thuat toan (Algorithm 3) mo ta thuat toan danh gia két qua cho ché d6 nhiéu ngudi. Ham duoc goi
khi cac dd hoan thanh phién choi dé phan dinh thing thua va thi hang cho ting d6i. Trong d6, hé
thdng ghi nhan diém s6 dya trén tong hé s6 loi ich U, va thoi gian hoan thanh cta timg doi trong man
choi. Sau khi tat ca cac doi hoan thanh thir thach, hé thong tinh toan tong gia tri loi ich cho mdi doi,
tir 6 xép hang va xac dinh doi chién thang. Doi thang 1a d6i co gia tri U, 16n nhét, trong truong hop
cac d6i co U, bang nhau, thi s& quyét dinh dya trén thoi gian hoan thanh ngan nhét.

Algorithm 3: MULTIPLAYER MATCH EVALUATION
Input: T, Act, A, s id
output: update status, Rank team //Danh sach xép hang ddi
Procedure:
1. FOR EACH t IN T DO: t.score ~ 0; t.start time -~ current time() ENDFOR
2. // Tinh téng diém va thoi gian hoan thanh cua doéi
FOR EACH t IN T DO:
FOR EACH a2 IN Act DO:
correctness « //X&c dinh d% chinh x4dc cua hoat déng
t.a util « t.a util + (a.util = correctness) // tinh gia tri
lgi ich cha d6i dat duge qua hoat dbng

ENDFCR

t.duration « get completion time(t)// Thoi gian hoan thanh cta déi

t.util « t.a util - (A = t.duration)// Téng giad tri loi ich cua @8i
ENDFOR

3. Rank team — SORT T BY: //S&p xép danh sach thu hang
util DESCENDING;
duration DESCENDING;//Néu diém bing nhau déi hoan thanh sém thiang
4. threshold « ceil(|Rank team| / 2) // Xac dinh thing / thua va th@ hang
FOR i « 1 TO n DO:
t « Rank team[i]; t.rank - i:
IF i == 1 THEN:t.bonus_elo « VYeenws ENDIF //HE s6 thudng tu dinh nghia
IF i = threshold THEN: t.is win = TRUE;
ELSE THEN: t.is_win = FALSE; ENDIF
update status « SCORING AND REWARDING (s_id) //Algorithm 4
5. RETURN (Rank team, update_status)

Hinh 3. Thuét toan co ché tuong tac ché d6 nhiéu nguoi

3.5.Co ché tro choi hoa hoc tip ‘ 7 ’ ‘
H¢ thong tich hgp céc yéu to tro choi hoa gom diém thudng, nhiém vu va bang xép hang nham dinh
luong hoa nang luc va duy tri dong luc hoc tap cua sinh vién.

3.5.1. Cong thirc quy déi diém sé

Hé thong chuyén doi két qua hoan thanh hoat dong A4 thanh diém sd s dugc thuc hién thong qua ham
chuyén ddi, trong d6 xem xét dong thoi theo do chinh xac va hé sb chuyén doi dua theo ché do:
s(a) = U, - correctness(a) - y, véiylahé s6 chuyén doi gia tri 1g1 ich hoat dong thanh diém sd (xac
dinh tuy vao ché do choi).

3.5.2. Nguyén tic thwong va bing xép hang

Thuaét toan (Algorithm 4) mé ta co ché tinh diém va diéu tiét phan thudng cua hé thong. Diém s cua
moi hoat dong hoc tap dugc xac dinh dua trén hé s6 U, va correctness, sau d6 dua theo tung ché do
choi dé cap nhat tién trinh, bang xép hang, h¢ sb dau hang (elo). Trong ché d6 choi don, 10 trinh tuyén
tinh kiém soat bai quan hé pr va d chinh xéac correctness. Diém thuong dong vai trd 1a gia tri dinh
luong dé ca nhan hoa viéc mé khoa kién thirc méi. Poi voi ché do thir thach, hé thong tich lity diém
thuong dua trén gia tri loi ich U, cua céc hoat dong, thiét 1ap ky luc ¢4 nhan lam co sé phan dinh tho
hang trén bang xép hang. Vi ché d6 choi nhidu ngudi, cac d6i choi canh tranh tryuc tiép dé diéu chinh
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hé s6 elo ctia mdi thanh vién. Gia tri diéu chinh duoc tinh toan cin ¢t theo hé sé U, cia hoat dong.
Ngoai ra, h¢ thong con ki€m tra nhi€ém vu hi¢n hanh va huy hiéu dé cdng thuong khi cac dic¢u kién
tuong ing dugc théa man.

Algorithm 4: SCORING AND REWARDING
Input: =5_id
Output: update =tatus
Procedure:
1. mode = get mode (s id)
r — get reault(s_id);
activing mission -~ get_act _misgsion(u_id) //Danh sdch nhiém vu g8 nhan
badge list ~ get_badges() //La&y tip cdc huy hiéu ti KB
update status - |} //Kh&®i tao 451 tuong phén hii réng
2. SWITCH mode:
CASE "single”™
//Truy xudt diém caoc nhit cfa min choi d8 hodn thdnh trudc day
prev_maxi_ Score - get_prev_max s(r.u_id, r.a_id)
IF r.correctness = 0.5 THEN:
2 reW -~ F.acts utility ¥ r.COFrectness ¥ ‘anme!
s diff — MRX (0, = raw - prev max score) //Tinh diém ché&nh léch
IF s_diff > 0 THENM:
distribute score(r.u_id, s_diff, “single™):; //Cing gidm
update_status.added score ~ 5_diff; ENDIF
unlock next liu_id, r.a_id):; update_status.unleck next -~ TRUE:
ELSE: FROMPT “Fhéng dat cédn &n tip lai”: BRETURN; ENDIF BREAK:
CASE "challenge®™:
3+~ r.acts utility * r.correctiess ¥ VYomallonse!
distribute score(r.u_id, s, ™challenge”}://Cong diém thit théch
update status.added score .~ s; BREAK;
CASE "multiplay™:
Aelo « acts utility * Vmarspsy //tinh va cidp nhit hé =8 elo
IF r.is_win THEN: increase elo(r.u_id, Aelo + bomas_elo);
update status.adjuated elo ~ Aelo:
ELSE THEN: decrease elo(r.u_id, Aelo):
update statusd.adjusted elo « -Aelo;
ENDIF BEEAEK; ENDSWITCH
3. FOR EACH m IN mission_active DO: /fthudng nhiém wu
IF check mission_ complete(m, a)AND is_completed(m)== FALSE THEN'
m_rew — get_mission reward(m); //m_rew tuy ciu hinh nhiém v
APPEND m reward TO update_3tatus.earned rew;
APPEND m TO update status.completed missions:
grant_m_reward{m_rgward]; marx;ﬁLcoﬁpletedtu_id,mﬁ ENDIF

FOR EACH bdg IN badge list DO: //thudng thanh tuu huy hidun
IF check badge condition{user_id, bdg) THEN
APPEND bdg TO update status.earned badges:
grant_badge (user_id, bdg) ENDIF EHDFOR
4. BRETUBN update status

Hinh 4. Thuat toan co ché tinh diém va diéu tiét thuong

4. KET QUA NGHIEN CUU VA BAN LUAN

4.1. Kién tric hé thong

Hé thdng duoc thiét ké nhu ¢ Hinh 5 theo kién tric da tang, tach biét gitta giao dién nguoi dung, logic
xtr Iy va co ché danh gia bai tap. Tang hién thi cung c4p giao dién tryc quan hoa thuat toan, giao dién
1ap trinh va cac yéu t6 tro choi hoa nhu bang xép hang va nhiém vu. Cac yéu cau tir nguoi dung dugc
giri dén tang ing dung thong qua REST API hodac WebSocket, noi REST Controller t1ep nhén, xac
thuc va chuyen tiép dén cac dich vu xir ly nghiép vu nhu quan ly ndi dung hoc tap, tién trinh nguoi
dung va co ché tro choi hoa. Viée truy xuét dir liéu dugc thuc hién théng qua ting Model layer két
nbi v6i CSDL. Ddi vé6i cac bai tap 1ap trinh, ma ngudn cua ngudi hoc duoc gui t6i tang danh gia dé
bién dich va thuc thi chuong trinh C++, sau d6 so sanh véi cac bo kiém tht dé xac dinh Kkét qua. Tét
ca dir liéu hoc tap va két qua danh gia duoc luu trir trong co so tri thire va duoc truy cap thong qua
tang (mg dung.
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Application logic layer
REST Controller = Service layer Cl Model layer
‘ API Endpoints | | Gameplay logic | ‘ Entity & Repository |
‘ Authentication | ‘ Management service |
P ion layer E ion layer = Data layer
| Algorithm Visualization ‘ l Compile & Execute C++ | -
) Knowledge base
‘ Gamification UIUX (PLB, Mission) ‘ Result extraction

| Code Editor ‘

Hinh 5. Tong quan kién tric hé thong

4.2. Trién khai h¢ thong

Hé thong duoc trién khai duéi quy trinh ADDIE [14] két hop vé6i cac cong nghé hién dai nham dam
bao kha ning xir Iy ddng thoi va phan hoi tirc thoi cho nguoi hoc. Frontend duoc xdy dung bang thu
vién ReactJS, két hop vé6i cac cong cu 1ap trinh 66 hoa dé hién thj cac khong gian hoc tap 2.5D.
Backend dugc xay dyng st dung Spring Boot dé trién khai cac RESTful API. P4y 1a thanh phan chiu
trach nhiém chinh vé viéc diéu phdi toan bo logic cua cac thuat toan, quan ly phién lam viéc cua
ngudi dung va két ndi truy cap CSDL. Co sé tri thirc duoc t6 chirc thong qua co sé dit liéu quan hé
voi PostgreSQL. Hé théng da duoc trién khai cho 3 ché do choi khéac nhau:

- Ché d6 choi don (Hinh 6): Ché d6 gdm hon 100 man choi, duoc to chtic trén 5 chuwong ctia hoc phan
CTDL&GT nganh Cong nghé thong tin tai Trudng Pai hoc Québc té Hong Bang. Mdi man choi duoc
phan thanh cac hoat dong hoc tap. Cac man choi ¢o tinh lién két chit ché véi quan hé tién dé (pr),
ngudi choi phai hoan thanh man trude véi p, = 0.5 thi méi mé khoa man ké tiép.

- Ché d6 thir thach (Hinh 7): Ché d6 tap trung vao kiém tra ning luc téng hop duoc té chirc theo quy
tac song con. Tong sé man choi tai ché d6 nay gdm 100 man véi dd kho duoc cau hinh ting dan theo
(P1— Ps). Nguoi hoc gidi han gia tri sinh mang la 5. MGdi 1an tht bai tai sé& bi trur 1 diém sinh mang.

Co ché nay budc ngudi hoc phai rén luyén sy can trong va chuan bi k¥ ludng vé mat kién thirc.

- Ché d6 nhiéu nguoi: Ché d6 nay nham thuc day tuong tac xa hoi két hop giira 2 hinh thie: (1) Hop
tac - 1ap doi dé giai quyét cac hoat dong hoc tdp duoc dua ra. Phan thudng tinh toan dua trén d6 kho
hoat dong, khuyén khich ky ning lam viéc nhom; (2) Dbi khang - ghép doi thi diu véi nhau trén cung
hoat dong hoc tap. Két qua truc tiép cap nhat diém Elo duya trén loi ich hoat dong (U,), gitip phan cép
nang lyc.

Hinh 6. Giao dién to cht 10 trinh hoc tap ché do cot truyén
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n-f'ﬂ
vans  @aws @ oasn @ 23690
{ T

TRINH SOAN THAD KET quik Kzn THY

long lang fibonacci(int n) TEST CAsE 11

Ams 11,700,000 cycles

TEST CasE #3

Hinh 7 JGlao dién thir thach bai tap 1ap trinh (trung binh - 1ap ;[rlnh ham)

4.3. Panh gia thuc nghiém

Hé théng duoc cai dat trién khai trén nén tang web va thir nghiém véi 40 sinh vién nganh CNTT tai
Truong Pai hoc Qudc té Hong Bang. Mau nghién ctiru dugc phan bd tuong dbi dong déu giita cac
khoa hoc, bao gém 10 sinh vién ndm nhét, 11 sinh vién nam hai, 9 sinh vién ndm ba va 10 sinh vién
nam tu. Dam bao d6 bao phu twong ddng giira cac d6i tugng chua, dang va di timg tiép xtic véi mon
hoc. Bang 4 cho théy dt liéu duoc ghi nhan truc tiép tir két qua cac man choi, ché do choi va do
tuong tac trung binh téng ciia sinh vién trén hé théng tai hai thoi diém: Ngay thtr 3 va ngay thir 10
(thoi gian 1 tuan sau khi lam quen hé thong). Pé danh gia chinh xac nang lyc hoc tap cua sinh vién,
nghién ciru thyc hién quy doi diém s6 qua trinh cta ché d6 choi don vé thang diém 100. Diém trung
binh cua sinh vién avg(s) dugc xac dinh dya trén cong thurc:

Avg(s) = (earned_score / max_score) x 100
Trong d6, earned_score: Tong s6 di€ém nhan dugc trong qua ché do choi don; max_score: SO diém
toi da ctia cdc man da choi trong ché d6 choi don.

Bang 4. So sanh thanh tich hoc tdp cta sinh vién tai ngay thir 3 va ngay thir 10 khi st dung ing dung

Pham vi ché d9 | Tiéu chi danh gia Ngay thir 3 Ngay thir 10
Chort don Diém trung binh (Avg(s)) ~63.5/100 + 42 ~74.6/100 £ 33
Ty 1& hoan thién C; - Cs 50.8% 75.4%
s S6 phién tham gia thi thach 25 53
Thirthich ey & man choi ky Tuc 34 62
Nhiéu ngudi | S6 phién dau doi 12 25
Ty 1€ hoan thanh nhiém vu (%) 42% 79%
Bai tdp Bloom R-U (diing %) 69% 84%
Téng quit BE:li tdp Bloom AP-AN (ding %) 27% 45%
S6 bai 1ap trinh hoan thanh 5 21
S6 huy hiéu dat duoc 7 24
Streak trung binh (ngay) 1.4 5.2

T dit li€u thyc nghiém Bang 4 cho théy céc chi sb sau thu nghiém déu co xu hudng tich cye. Cu thé,
d6 bao phu kién thirc ting dang ké khi tong ty 1¢ hoan thién ting dén 24.6%. Pdng thoi, cac chi s6 vé
murc d¢ tham gia cua nguoi hoc nhu ) phién choi thtr thach va d4u d6i, chudi hoc tap, ty 1€ nhiém
vu hoan thanh, s huy hiéu dat dugc ciing gia ting dang ké, phan anh rd rét sy chuyén d6i tich cuc vé
dong luc hoc tap thong qua viéc ap dung trod choi hoa. Bén canh do, céc chi s6 lién quan dén nang luc
hoc tap nhu diém trung binh trong ché d6 choi don, sb bai 1ap trinh va ty 1 dung theo cac mirc thang
Bloom déu c6 xu hudng cai thién ro rét.
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4.4. Ban luin két qua

Két qua thuc nghiém budc dau cho thiy hé théng da cai thién dong thoi ba thanh phan cbt 15i cua
muc tiéu dao tao: PO bao phu kién thirc, mic do twong tac va ning lyc chuyén moén. Vé do bao phu
kién thire, su gia tang rd rét cua ty 1€ hoan thién cac chuong hoc tang tir 50.8% 1én 75.4%, cho théy
16 trinh hoc tap c4 nhan hoa da giup sinh vién tiép can ndi dung mot cach hé théng va toan dién hon.
Vé mirc d6 tham gia, cac chi s nhu sé huy hiéu dat dugc (tir 7 1én 24) va chudi hoc tap (Streak) trung
binh (tir 1.4 1én 5.2 ngay) déu c6 xu hudng ting rd rét, phan anh sy hinh thanh théi quen hoc tap tu
gidc. Pong thoi, s6 phién tham gia & cac ché d6 thir thach va nhiéu nguoi ciing gia ting, cho thay cac
hoat dong hoc tap c6 tinh twong tac da gbp phan nang cao thai do tich cuc hoc tip cia sinh vién. Vé
nang luc hoc tap, ty 1& giai quyét bai tip mirc cao theo thang Bloom (AP-AN) ting tir 27% 1én 45%,
di kém v&i s6 bai lap trinh hoan thanh ting tir 5 1én 21, cho thay sy cai thién trong tu duy phan tich
va kha nang van dung kién thirc cua sinh vién duoc cung cd dang ké. Piém trung binh ché do choi
don da c6 su cai thién dang ké khi tang tir 63.5 1én 74.6. Pang cha y 1a do 1éch chuan ban dau c6 xu
hudng gidm tir + 42 gidm + 33, phan 4nh xu hudng thu hep chénh I¢ch trinh dd gitta cac sinh vién da
c6 cai thién. Tuy nhién, mic phan tan + 33 van dugc dénh gia 1a kha cao diéu nay dit ra yéu cau can
tang cuong cac co ché ¢4 nhan hoa 16 trinh va hd tro thich tng nham ti wu hoa hiéu qua hoc tap cho
nhom sinh vién yéu hon, huéng toi muc tiéu dong déu hoa nang luc dau ra. Tong hoa cac dir ligu trén,
viéc két hop giita co ché tuong tac tryc quan voi cac yeu t6 trod choi da gop phan ning cao dong luc
va hiéu qua ty hoc cua sinh vién. Qua d6 thé hién tiém nang trong viéc cai thién trai nghiém va két
qua hoc tap khi dugc ap dung phuong phép nay trong gido duc.

5. KET LUAN VA HUONG PHAT TRIEN

Ket qua thuc nghiém d3 khang dinh hé thong dong vai tro quan trong trong viéc giam thiéu rao can
vé tinh triru tugng cta thuat toan thong qua tuong tac truc tiép va hoat anh minh hoa sinh dong. Kich
ban hoc tap duoc thiét ké khoa hoc ph01 hop cung hé thong phan hdi tire thoi di tao ra 10 trinh dan
dat hiéu qua, giup ngudi hoc cing ¢ kién thirc tir nén tang dén chuyén sau va han che tinh trang mat
gbc kién thirc. Bén canh d6, viéc tich hop co ché canh tranh lanh manh va cac yéu t6 tro choi hoa
cling da chimg minh kha niang thiuc ddy manh mé dong lyc ni tai, chuyén dbi tir trang thai hoc tap
thu dong sang sy tham gia chu dong. Nghién ctru nay khang dinh phuwong phap hoc tap dya trén nén
tang tro choi khong chi nang cao nang lyc nhan thirc ma con 1a giai phap tiém nang, vuot troi hon so
voi phuong phap truyén théng trong viéc tiép can va hoc tap moén hoc CTDL&GT. Méc du dat duoc
nhiing két qua kha quan ban d4u, nghién ctru hién tai van con han ché vé quy mé thur nghiém va thoi
gian quan sat dé danh gia kha nang duy tri kién thire dai han. Cac hudng phat trién trong twong lai
ma nhom dy dinh s€ tip trung vao: 1) tich hop cac thudt toan hoc may, dic biét 1a Hoc tang cuong
(Reinforcement Learning), nham tu dong diéu chinh d6 kho va kich ban hoc tap dua trén nang luc
thyc té ctia timg ca nhan; ii) mo rong thuc nghiém trén quy mo 16n hon va kéo dai thoi gian theo ddi
dé xay dung mo hinh d4nh gia tac dong toan dién, tir 46 khang dinh gia tri bén viing ciia phuong phap
tro choi hoa trong viéc hinh thanh tu duy giai thuat chuyén sau.

LOI CAM ON - ’ o
Nghién ctru nay dugc Truong Pai hoc Quoc t€ Hong Bang cap kinh phi thuc hién dudi ma so dé tai
SVTC19.75.
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