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Self-regulated Learning path analysis of students with different Grade Point Average in

Flipped classroom: K-means clustering and Process Mining
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[#&] a&AH5I (SRL) RFAN—AEEERS, HAHALGEMEREIFGREF I . F2FL
ARAATFEAGS (PBL) ik, W THHREFIMAFEGARBATEITA AFAAIHRFEA L
FATAANA, RAKAERESTATF LG FARG G LET W, FFEPHEL, K5, AL
PEW/BARI & K F LW T ARIERAT TS AT, B EARE A TSR EHFREL T ENKIE
A A R ESEE . TFRRN, REFHARGG SBFENFITARBRRERKER. AT, AR
BB T R TRRS AT AEMHERE T A KRBT F I HRGEL

[X4E]) a&ATFI (SRL) ; TAMIMRE; TREIE; KHERESH

Abstract: Self-regulated learning (SRL) is a critical competency for students, particularly in blended learning
environments like flipped classrooms. This study explores the SRL behaviors of engineering students in a flipped
classroom employing a problem-based learning (PBL) approach. This study takes engineering students' self-regulated
learning behavior as a perspective, uses K-means cluster analysis to group students' Grade Point Average, and divides
students into five categories. Then, the process mining technology is used to analyze the learning behavior
characteristics of all kinds of students, aiming to provide theoretical support and practical reference based on objective
data for exploring and optimizing flipped classroom teaching in engineering. It is found that there are great differences
in the learning behavior paths of students with different GPA segments. Based on this, this study puts forward some
suggestions to improve the self-regulated learning effect of engineering students in flipped classroom.

Keywords: Self-regulated learning (SRL), flipped engineering classroom, process mining, K-Means clustering

AXAT ] (SRL) #IAAR 21 ML G, CEFIHRBTELTHIA
. FPAAT A EAL, AFIKFH B AR (Manukaram, K., & Abdullah, M. N. L. Y., 2021; Du, J.,
Huang, W., & Hew, K. F., 2021) o £/ SRL ©AIEAT U R ZER S F A A L F A5 5] 4,
BARELERFIREF BERA. ZFU. KRBT FEE, 2022; LR, HEBRE, kAT
Fo R A, 2022), A98F AR N ILIE LIV IT ARBRE . FHERER—F T 2E AL
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RAFAR%, CERFALSHRIAMH, Rt (ERfdiK, 2018), A
ZRKBMEG R F A RAT . REAZXMNHE S, BT X TEERE T SRL 8957 LALIEIR
MT WG A KRE, RFTAHARERGTRERAKE,

BESAR—EBORIBIEE ok, SR AR M 3R ARt R KL ¢ A
Roy4a”  (Blashfield, R. K., & Aldenderfer, M. S., 1978) , BPE £, I LB EFI HET
AFE DA A RRNIZIBF RGN EAE, HAREFZRERZT L RS HRHENTTF,
EILHBARAGHIES LA . B, K-Means & £ 5 #7 £ H ARE 7 4 A Rt F BT 5
£ (Wu, J., & Wu, ., 2012),

AARZE R —FRAB RGO ESH B EWN TR, CLEARA—FBRGLEL, TUE
IR R BIRBE T 5 A 09 F 5] 47 B A28 KX (Van Der Aalst, W., 2011), & & SRL &9 & |l £4
TR B 5H mooe B9 55 B (FE R, #HR#7E AR, 2021), 12AMBHERE IR T HRE R
AR, WA RETAFF P, AT ELFR S A X0 LE,

Ahxt B AL, LR R AR AR, MENA IR T T R R M R G B0 DA
AR TFIRBETTENER. RERBFRER, Ao bt T — R s ay
R, AR TAERCH SRR M6 AR

2. Lk 47 3k

2.1 BEATFT (SRL)

SRL #2 J& T Bandura 4% i 894 2 A 42 3248, [ /)5 Zimmerman 5 A 2 3t 32809 2 ab b3t
SRL #t 4T 7 B4R 49 fif# . Zimmerman (1989)iA 4 SRL &2 4% 52 5] F A 4 M LIk Fo . FhbLAeiT
AF T EBRBA LS ) EAE, THRBMmRF AL, FRIAARAT L, ARKEREAS
1k B 472 SRL # =A% % (Zimmerman, B. J., 1989). SRL 2:idJL+ 569 & &, HALA 4R #7
F'gA K, Zimmerman (2009) 1A A SRL AR5~ = A~ 342, BpatXIMr B, AT B, B &
B M # . Pintrich (2004)F SRL A W@ANM B : R, s XIA=d0E; B, =4, REA
J_%: (Pintrich, P. R. 2004).

A7 5% T SRL A# 4R T IRATE T T M, edlsRat 2 Fal] 1, X2 FEFH TR
FEIIHEARE YR, Ple, RAGF LRI ZT RO A 2] ek, IRE T A4
4 69 % 5§ A= 5% 3] 1% (Obada, D. O., Bako, R. B., Ahmed, A. S., & Obada, I. B., 2023), &,
ARNEEBHREFRETHSRLITA @, BHAREIARAKEY, MARELEILFWGEE,
B AR mooc XA E R KB AL EIFE T ) 2R, 184t TS & A8 IR P AT
) I 69 LR SRL 42 X A bk K 89 FF AR A o SRL A& R T PR A IET BRI
#9803 (X = RN F & 7482021 Alsuraihi, AL A., 2022), #ANT L L EAF 05
NEF, IRSGHALEEFRE. A, IEFRXEIRERNFE O LGOKIERAL SRL T4,
AR AE BB
2.2. LEEFHRYE

VEALFROGAN VAL —, BHERERZ—MHFAELERITEAFIAM., LAFHR,
REFPHEHRIT, BlF LA EFHE X (Bergmann, J., & Sams, A., 2012; Kim, M. K., Kim,
S. M., Khera, O., & Getman, J., 2014), #F % &, 4R ¥R B A T4 5 L3t F AR A FH
B S M HE A AR (R efa 3K 3K, 2018; Rodriguez, G., Diez, J., Pérez, N., Bafios, J. E., &
Carri6, M., 2019). &4 R RS F THHH T CHIEAA — A BREFEF I T &
(ZF. xlrkae, Biizf 2t 2018), &AM, Nielsen, K. L. (2023) 15 b £1% F #1458 ¥ a9 i3
v, FATRAKI K 5AL,
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ARz TAEBEE IR T O F R, FHRHEMNEZRFERE X5 3] (Chua, K. J., & Islam, M. R,
2021). A FFIA 45 3] (Gomez-Coma, L., Diaz-Sainz, G., Fallanza, M., Ortiz, A., & Ortiz, 1.,
2023) S F B BN B K F R P, AARAFRLE R AP IR E R TREFE A S DR A HH,
A S 5] ReiAart, ATFRIAGF] F@0) TREMERETZAMEIAZLER T LR FA
(Chen, X., Long, T., Cheng, L., Gan, X., & Zhu, X., 2023), &3] 5 £ Mk TAZFE KPR T
AP, REHIE LR 6y B R TAZRE A 69 K
2.3. K #{EF £

K 39E R £ & —# & Koy L %K% 3 & (Blashfield, R. K., & Aldenderfer, M. S., 1978),
JT % B TARYE AL BT R AT . % H A MacQueen T 1967 F A KR d, @R
DCEANEFEESERAGRERCZ B GBRIUE /LI H ks KB 2B R LG ). LR
T R T H ket 42, EMAEF a9 A F#E T 2R (Morissette, L., & Chartier, S.,

2013)c K HMER LW AR A AL T OHEE XL, x2, ..., xn} PIRAKARELFS{al,
a2, ..., aK}, EAEANKBEEELRAGHCZIRGE-FTEHR . AFIAUEK, K

WREALMEN . AR KA HABEG EBRIRETIAT, UATEAREIA
R HARR A TR ETARE ) AL 8 RIES A, LR L % TR AT 2
JTZRR, R EAEFZ T EAES) Ry BT TR T 2 A
2.4. THEEW

RAZIE, LHARA TAERIZE, T—HREAANFFHEEFTRPEZ LG T A, AT
R, W Ifedit BRI (R A, R, £58. o ffm Ay, 2022), L5k,
AAEZEBAAAREFAEARBATFITAGHTFHER, P, FmT. RE, RaffRE
(2022)1 A A2 /BB AR E AR ARG F I H A KRBT FIIAEEZ K. IEZIEBBERE
BABESHFAELFROEXNFIRE, A BFFAEW A RATFIEAL® QTR
HER. A, EARNAREL, HARENZFERRBRININ. DERESHE X0
A5 & 49 5 5] 47 4 (Chen, W., & Cheng, H. N., 2020; Han, F., & Ellis, R. A., 2023), @ =& & A
FAZZEBERRINFAEGFIITH,
2.5. AHFE

R —RARCEERN T IRLEERARAREFAEAXAFIBRTFEANALKRATFINA,
Bt —F R KAER AP IRZEBRARAREARNEARNRETEZF AN ARATF ITAMN
AL, AFREERANRRAEHREITET AR -FARG G 2 TAF A0 A L5 5 %42,
U A MBI LA TREBHRE P FLEARBAT IR PR ARSE -RAE,

3.7 &

3.1 #F

AFRALE TR GEIAZRET, RAAEBE THRRE ((TENEMHIEZ TG
BY ST REHFER, HRBETRAAGS )RR IGTRAEFS, LEAEKT I IR
FTFI], TAFELNEFERF TS HFREIJEERR “DR” . FETHAHS
F, de KA. MR, FIA, L, BEIJAERLMES, FRZRF IO, F4£FE
ERATTRADRGF LS, REERE L5 MfR FHIT AL,
320. R5#

AR LRI 194 EMF TR E LG KR =54, TS5 TELT0L, &5 EL
124 %, EX&FA AANF UK, AL LS IREEREZARGE TGS ] E3), LK
A AT 5 B KT 53] 4K 6D %,
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