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Abstract

To investigate the underlying mechanisms influencing the learning outcomes of public mathematics
courses in higher education institutions, this study examines 1488 first-year science and engineer-
ing students at a university in Guangxi. A PLS-SEM model was constructed, with course attributes
and teachers’ in-class and out-of-class behaviors as exogenous variables and learning behaviors as
the mediator. The moderating effects of gender and the National College Entrance Examination
(Gaokao) mathematics scores were tested using the MICOM and MGA methods. The results indicate
that course attributes exert a significant negative influence on both learning behaviors and learning
outcomes, with learning behaviors playing a partial mediating role. Teachers’ out-of-class behav-
iors have only a direct impact on learning outcomes, whereas their in-class behaviors indirectly in-
fluence learning outcomes through the full mediation of learning behaviors. Learning behaviors
positively enhance learning outcomes. The multigroup analysis did not reveal any significant mod-
erating effects of gender or Gaokao mathematics scores. Most external factors—such as course char-
acteristics and teacher attributes—must be mediated by students’ learning behaviors before they
can translate into improved learning outcomes. Therefore, teaching practices should focus on opti-
mizing course difficulty design, strengthening behavior-oriented approaches in classroom instruc-
tion, enhancing extracurricular teaching support, and placing greater emphasis on fostering stu-
dents’ learning behaviors to ultimately improve the quality of course instruction.
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Figure 1. Research model
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Table 1. Normality and descriptive analysis of the measurement model

F 1 NERBEMESHS TSRS

B3 FRTH 1 FEME brifEZE i e J3E
CP1 3.61 0.982 —-0.509 0.144

CP CP2 3.53 333 0911 —0.143 0.065
CP3 3.66 0.777 —0.408 0.786

TOBI1 4.12 0.766 —0.821 1.28

TOB TOB2 4.14 4.13 0.795 —0.597 0.053
TOB3 4.16 0.761 —0.056 —-0.304

TIB1 3.94 0.81 —0.637 0.765

TIB2 3.76 0.756 —0.206 0.03

TIB 3.79

TIB3 3.67 0.843 —0.68 0.875

LB1 2.76 0.959 0.102 0.166

LB2 3.59 0.809 —0.458 0.675

LB LB3 3.41 3.75 0.786 —-0.375 0.441
LB4 3.55 0.896 —0.407 0.202
LE LE 2.45 2.45 1.263 0.373 —0.999

5.2. WIS S

RE SR I8 I VA AN TR AR B 1 7 30T . 2515 B (CR) P38 77 Z 3 EUE(AVE) F ow I L s
RE(CAKAT[11].

DR 5 A A 3 ML o 5 FLVB R AL & 2 IRV R AR OGP, G0 2, BT H BTl IR T3 [ 38 & 1 0.70,
X TIB2 BEAIK T 0.7 1% 3 B %5 7570 5 AR A0 AR f7 b AR 3R 6T 7RI, R0 0 5 9 A8 5 (19 DTG P AR 5 v
P ESR R (AVE) S I R R BRI 7 Z B AN T EIRE SN T EZ8. KA+, SEEN
AVE {E#ET 0.5 G FAbnite, RHISRE RIF. HE1EECR) TR A — B a2 &) — 418
TN — 8 . AR, SIBTERER CREWE T 0.70 HIE A brik, 3 0H %8 5 BN 3 — 2
PERLF. FLEAERG RE(CA)H T — A & [F— ST k. A ira i EL = rwm e
e RE(CAE ET 0.70, B &4 BB P — 250k R AF, W S=A5 T 5.

A T S SRR I — R AR B — A S I . R AR AR B VA TS AVE. CR. CA %%
BERETR bR . 8 PLS-SEM H B4R bR yB AR & (O AL BT, % o i A0 B R R 200K s 3 T IR 1 2,
il E N 1, SR TEAE N 0.7, DALSCHlig AR BRI . ARG AR B3 R B =18 S DA B R
M.

gR b, AT AC R BAT R U, SRR bR A B IR
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Table 2. Convergent validity test for the measurement model

= 2. MERBHNESIERR

A H TR (K- 4t AVE CR CA
CPI 0.873
CP CP2 0.700 0.627 0.834 0.711
CP3 0.793
TOBI 0.860
TOB TOB2 0.889 0.785 0.916 0.863
TOB3 0.908
TIB1 0.837
TIB TIB2 0.687 0.641 0.841 0.73
TIB3 0.866
LBI 0.700
LB2 0.855
LB 0.637 0.875 0.808
LB3 0.856
LB4 0.771
LE LE 1 0.5 0.7 0.7

5.3. XO¥UE S

X R BARFIRIRAEE , S FE— M (AR ) 5 A AR B E A SGREE . SVl — M2
B H RO T HAM & o ARAEARZRIR - F/RSEAEN], WA 1 P38 05 2 SRR (AVE) P O iROK T
P Z A EAR A, WX 7 RO AR X R 7 R 5 30 B S IR in A AH Sk 9 5 A ey
EARMRIAE N, T HOMARRE . BEROR, SRAISRFUR - [R5 LGSR ORIG SRR R IR, e
TR PP AR A 7 B PR 7 TR BT Fhn SR R P 2R 12]

Table 3. Fornell-Larcker criterion
2 3. BE5IR - R /REN

A CP LB LE TIB TOB
CP 0.792
LB -0.500 0.798
LE -0.362 0.371 1.000
TIB 0.711 -0.594 -0.323 0.801
TOB -0.601 0.441 0.219 —0.758 0.886
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Table 4. Heteroskedasticity-homoskedasticity ratio (HTMT)
F 4. FHE - BHELEMHTMT)

A CP LB LE TIB TOB
CP
LB 0.636
LE 0.4 0.41
TIB 0.924 0.732 0.348
TOB 0.742 0.523 0.236 0.978

e 3, FREIR - Pre R UENI G R EOR, AR RN AVE PRI K TiZ48 8 5 H AR & 1A ¢
AL RN RS, Wk 4, HTMT 450 8oR, REEEME(CP) S BT R E N 17 8(TIB). #
IR H N 478 (TIB) 5 20U R #4847 9(TOB) K HTMT B I& & T 0.90 TEAA BI{E . %18 Hair 2500 5, #E&
o FE AR DS R 2 T 3E B RS HTMT 4 0.90 [8]. UM R NAT . MAMT N IR M = A e sk b s
FERSE, R SRR, FUR SRS BRI . IS A5 S, IR A 2 T B
K. HE—P A HIMT [ 95% B 15 X HHAEE 1, WK STREAETIX 0, REBEeE LR
Mo CEAPITRAR, HEA ) A R AR T

5.4. GHIRB DA

GERRE AL 23 AT SR A TR 90 FL A A (R PR T 8 ) LA S i AR i 2 R R SR G &R . R I3 PLS B9
fETHRR AL, R B BRI IR S o R B S e Mok SZIL . SRB P FR bR B G T R
(R RE(R) FUAHIGNE(Q?) G (GoF) LA BR AR R E(B) [11] [12].

G 77 R R ) TRoE R R R AT BB AR ) 1) OCRRAR AR, B RN AN R AR B S R AR AR
0.20+ 0.30. 0.60 73 AARRAC. . FHIEREAII[13]. BEFEEITEARNAETE N RE RE R, Hp
14T N(LB) I R 52 25 R2 A 0.366, 25 WL R H(CP) ZUMR5 A 1T N(TIB) 5 ZUMif 5 4T N(TOB)
RERE R RE 21 AT N(LB) 36.6% 178 57 o 2% SR F(LE) IR & REUR? N 0.183, F I b 2985 B AN REfig
R 2] A (LE) 18.3% 78 53 o IZAR AL 2 2] 47 A (LB) KIMARE T T, 06t 27 =) R (LE) IR 710w 55,
Wi B 7 SRR (LE)IE 32 B A SRR 2 A0 LA R 2 (1 520

SRR B (£2) DA VT A A M P A 20T P YR 9 A 2 PR DT iR 2 4ELR 0.02.,.0.15 A1 0.35 43 AR /NS
FHRON IR REN[9]. &5 R W], HOMERE A AT A(TIBYA 2 3147 N(LB) B A B 5 (f2 = 0.134), L
SERNIIKT, BB BUM PR EL AT 9(TIBYR 5% 24T J9(LB) AR R AR FE DTBR BN . URARJR ME(CP)R 22 I RUR
(LE) (2= 0.034). MFLJEPE(CP)X 2 2147 N (LB) (2 = 0.020) LA K 2 217 N (LB)XT 22 ST RUR(LE) (£2 = 0.047)
IR I A /INEON K o FHELZ TR, ZB0MER  AMT A(TOB)XT 24 2147 A(LB) (2= 0.001) HUMEE SMT N
(TOB)XI 2= ST RUR(LE) (2 = 0.004)  #UM R 447 R (TIB)X 5 2 U H(LE) (£ = 0.002) 1 2 {E 14/ F 0.02,
RN ERARES . MK S, FUMRE AT J9(TIB) A b DTk i s i T I8 7, o B AR R /N
N, {EAE A SE E E

PAAEI 9% K Blindfolding (32 X IGHIE TUA) 7T AL 48 Q2 FF LA Y T PPt [12], AT 548
Smart-PLS4 ] PLSpredict kTP & k FTAMEARSE XIGIE, VPS5 AR [ TAH <, BL Q> RMSE.
MAE DL CVPAT K36 N EbR . AR ZEmE RER, W& MBI Q2 N 0.361, 2233
RLEM Q*4 0.140, —FHHIKT 0. SRR Q FIFE KT 0, RIHE B TTMA . %t
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EL SRR AT DL B, PLS-SEM A5 % F5 45 1) RMSE #4718 T K BB E I UE 1A ) RMSE. JL 5 #40 mi
ff) RMSE W& & TR LR A3 HE LM, {HiZ I R 4E PLS-SEM W7t i@ T Al 852 7l . CVPAT K64 ik
B, 25147 H(LB) % = BUR(LE) L K S AR AL () P {3/ 0.001, PLS-SEM A2 T4 2 i % K
HIMERAE, PR SEARE ST AE MR AL A T SE M T e

K FPLA L (GoF) R G T AL BARPL A R, ZAREOT S B T 5735 AVE {85 45 f i
RIFT A3 REAG I LTS . Gof =VAVExR? , GoF It} 0.10. 0.25. 0.36 HILEME. . &
[14]o AWFF AT AR AVE 4 0.638, WAERZET RN 02745, 11HARH] GoF=0418, KT
0.36 [fI/ BIE, IR RSB & R BT

5.5. L 5THR

AW FEARGL TR 7 MBS E BN, PARTT A K 22 A N FE B2 o) SR DR 2R A AL
filo BEAL, BRI R AR RECLCER T & TN D% R (AR 5

m# s, WESNTER, AR PE(CPY 2 AT N(LB)FRHELES 2 R A N—0.163 (P < 0.001), HRFZJE
P (CP)RENS .25 17 1) 00 27 2147 9 (LB), SCHRF H1 st BRAZJEPE(CP)YX 2 S AR (LE) WAL B AT R ECH
—0.240 (P < 0.001), VRFEJEH(CP)RENS &3 F 1 T2 2 UR(LE), 23 H2 RisE. #3147 (LB 24 31 3L
F(LE)FREAL ISR RECH 0.247 (P<0.001), % 2IAT (LB)RE S 2 3 1 M TN %2 S BUER(LE), 3CRF HT Rk

BOMRE AMT N (TOB)X 2 2 47 (LB AL 42 R BUN—-0.046 (P =0.222), %A ANEE, H3 KX
RAFBICRF . BUMRESIMT R(TOB)X 2 S R (LEWRHEAL B 72 R ECH-0.090 (P < 0.05), HIMERESMT A
(TOB)REMS . & 11 1) T 2 >) U (LE), H4 BRI BISCHF . BUMERE N AT H(TIB)R % 2147 9 (LB)br ik
Thik 42 2 H0N-0.513 (P <0.001), FUMRE A 47 N(TIB)BENS I 2 47 6 U 2% 21 47 9(LB), H5 A3
Y. HUTRE AT R(TIB)N 2% S SR (LE) AL 42 R EUCN-0.073 (P = 0.091), ARiEF|EE/KTF, H6
PO ESCEIFEER

Table 5. Hypothesis testing results for the structural model

5. HIEBENRZEEER

mi ome VAR CRERSE bR TRIME g mmpexm r P s

) (M)  (STDEV) (|O/STDEV))

HI  CP-LB  —0.163  —0.163 0.032 5.100 [-0.225,-0.100]  0.02 0.000 HF
H2  CP-LE  —0240 —0242  0.032 7.544 [-0.304,—0.179]  0.034  0.000 W
H3 TOB—LB —0.046  —0.045 0.038 1.221 [-0.119,0.028]  0.001 0222  A3HE
H4 TOB—LE —0.090  —0.091 0.036 2.516 [-0.162,—0.019]  0.004  0.012 A
H5 TIB—»LB -0513 —0.513 0.044 11.688  [-0.596,—0.426] 0.134  0.000  A3Z#E
H6 TIB—LE —0.073  —0.072 0.043 1.692 [-0.158,0.013]  0.002  0.091 R
H7 LB—LE 0.247 0.248 0.030 8.140 [0.188, 0.305] 0.047 0.000 THF

AT TR 2F ST AT N (LB)LE S5 B R A8 & 5 2 S SR (LE) Z [ R R A WLk [15]. WiEE 6 FTs, 2231478
(LB)TE BRFR I8 11 (CP) 5 2% 2J R (LE) Z [A1ES 255 43 v A F (T4 3408 B = —0.040, P < 0.001), PRFEJE M
(CP)REAE % B4 0t [m) RS0 2% S R0, AT I8 2% 21 AT N(LB) A1 X 2 2 U (LE) = AE S E A - 04T A
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(LB)E MR A 47 N(TIB) 5 24 X BUR (LE) 2 [ R B N 58 4 A BN (TR 3N = —0.127, P < 0.001),
FOMRE N AT R(TIB)X 2 S AR (LE) A W35 B, UREES: 147 8(LB)IX — A A8 & S 2 3]
R LE)IER . #IMRE 4MT (TOB) I 2% 2 47 9(LB) 8 ] 2 > RUR (LE) 9 [A]H2 B 46 AN . 35 (TRl 480
Rip=-0.011, P=0.237), ULHH%EIATA(LB)AEZUNIRE SMT R(TOBYE % I AR (LE) M /A2 i
FOMRE ST A(TOBYNAFAE X 2 2 UR (LE) ) BB

Table 6. Mediation effect analysis for the structural model

6. LAPRBM P TN T

B ey (e oK P
CP—LB—LE —0.040 —0.040 0.009 4.442 [-0.059, —0.024] 0.000
TIB—»LB—LE —-0.127 —0.128 0.021 6.030 [-0.171, -0.088] 0.000

TOB—LB—LE —-0.011 —0.012 0.010 1.184 [-0.031, 0.007] 0.237

5.6. BB 4

AHIE T LA A AN 5 BRGE R r RA B, PR AR i E T R . B %%, A Smart-PLS %X
i 1 2 A R I B AN AR M (MICOM) J7 VEAS 56 1 AN [ 1 Sl A [ (0 B AN A8 1, SRS 3R AT 2 BE2EL 2 i
(MGA) [16].

TEPERITITH, 45 5ESE T MBI, HR 10 sa A2 M. & 1 =4~(LB. LE il TIB)
F) B G 560 4R 22 (P > 0.05), 1 CP (P = 0.027)F1 TOB (P = 0.039) | B & EVEP = 0.039). HRHE
AR TR, S AR A DL RRAL IR bR [16]. Rk, B JGEET 725 T30 MGA i, LUG SR 5
LA Z BRI K R R ZE R . X5 530 MGA BH I M 2 B4 /08, DAXUE P<0.05
VBN 25 R R bsitE. Wk 7, SRRV, SHHEAEKIXNE P HEKT 0.05, ¥ 17 818 H
FMR(LB—~LE) B EAZE(P=0.098), RIALEEED, FAEFANETEREE T LEFE, KR
BIAGFAEG T m LR 25 BRI R, SRS JAR SRR B IR 25 R A A2 A7 8 0 35 T T 2
I, H8 i AR1F EI5CHF.

Table 7. Multigroup analysis by gender
= 7. BRMERIR SR LA

Az ZEH(S - ) BRI vs L) PHE XWE(5 vs &) P 1H
CP—LB -0.033 0.688 0.624
CP—LE 0.013 0.427 0.854
LB—LE 0.106 0.049 0.098
TIB—LB —0.111 0.895 0.21
TIB—LE 0.146 0.066 0.133
TOB—LB ~0.096 0.895 0.21
TOB—LE 0.025 0.372 0.745
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IR I B BUE RS RREAR 0 I Ts S RAF . — B ZE A . MICOM A& AR PEAS 36 25
RETR, ST EES P HEHAT 0.05, BAKRTESH G AL, 22 HALERNETIRFIT. b
JRITRES 230 MGA BHtalt, Wk 8 fon, FraBRARRIXUR P AT 0.05, AR H 25 2 1R
R WERHAERBR RGNS, WREETE. BUTRENIMT N, AT EHI
RZEE LRI ARG AR 2SR, WA RESUR BRI TN, HO BBURAS BISCRF .

Table 8. Multigroup analysis based on national college entrance examination scores

8. BEERSNSZES T

B ZERITy S RAT - RS X RAT vs MB(F5 L RAE vs

) RS EE) P RSB P
CP—LB -0.093 0.879 0.241
CP—LE -0.092 0.873 0.253
LB—LE -0.027 0.618 0.764
TIB—LB 0.055 0.328 0.656
TIB—LE 0.080 0.246 0.492
TOB—LB -0.034 0.660 0.679
TOB—LE -0.026 0.612 0.777

6. ARER
6.1. AHEBEZIITAHBEIR

MR GG R KRG, ZUIFERIEOE TR TS LKV, 54 B 5 A ey
MR ESIS AT 4, e TEE . WEE I e Bk 3820 1) 88 3 55Kk Bh 5847 15 43 A
PR, R KHR 7 22 A Re e BN B A B IR AR M B T, R IRAR T TR 4], SRBhSE
1) . (HFEIR AR E R, FEZ T RRIGENMESR, BrFAEms]. WEHESE
N AT NUE RN . 4, mRER AR A R U A LB R R AT N R A SRR IR, P
4.49 (W5 5 71). Horhr, I LB3 ( “IRIEE >\ FERA FBUAE N B L )35 8 3.745. #01 LB2
(“NIHCEARE F TR )5S LB4 ( “BRNECE R, R AEECE TR E M TR IR )
FIFESRAGE R 8. X — R, mRKFAEAIEE ] F AR F W ) .

6.2. AHBFFIHREMER

PR R MEXT 22 20479 2 I RCR R 8 25 (0 T ) O P o 2 A R s R PR A M P v
WA R . FOMERCIERZE, TSI 2] GRoIS55E ST RN 0BG, Rl 25 B ok B
Z SRR . XU IPRFEAR B I 2 WU R 5 M A SRR 22 ST SRR PE AN R 3, I v (R R A A
AT AT R A BB, S BERSHEAENARERE S22 . RN R 4R ER,
T RAERRERYE 5 5 A ROR Z MRAE R AR, PREE R R T LERAE I T2 20 RO, thaghs
I A AT, ARRR A I ROR

HUMUREL HMT S 2 S RORAFAE B35 SR LU, (D0 22 AT N IO TN IS 225 . BUMR IR &
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St 1Rkt RAMB AR ANIEAIES), e BRI E R A B2 I ROR, JIE AR 24
Wil B2 GPXFEALFAITN. FIRRY], BOMREIMT AL 7 AT dE 2 BCR 1H]
RN, BRI ECA ST R B EARECE AR I, JeEA Rd&sh A E AR B 1525178

FOMUREL W AT N BERS 535 R PN "2 A B2 AT 08 (E 2 2 JOR I BN AN B2 . BOTER B 2
FITE EAE AR, RELAERENEEAAT N, AR ERSRRA MR, LA =
BN ST R — A SEBL, JB T8 2 OB e S A0 PR B 0 T RN, 2 5B B S R T U
IR EAIBNKT, Filt DGR RR T . hitdil, REZEANERRRN S22 ERN Y
2T, WU SE EARS ST, IRE A DB 2T 7

A TEIEE BIAEHUMIR N -5 IRIMT NI A% 0 AR IR I TR OCHR, XA e Sk 1 #0 Sk
Hi) L REHCE” Bl B E T EER R R R B B AN, BTG A BN T L I A AT
HSMECAER, W SBCERIN LB w8 - T BRR .

ST ONAE A R A SR A SRR, SR TIT L WERS B TR ) SR ST BN,
NIBCFER R o AT RSN A I B S WOR 2 MY E Z R At . BREZJE T A
R ML SIAT R S S HOR, BUTIREE AT 9 FE 4 RS 25 SIAT N SEBIN 22  ROR IR T o 3 15 ]
URRRARAE S BUN A IMB R ZOF A FARAE R T2 S 45 2R, SRR RR B8 2 ) B 2 SIAT NI AL,
A RENS B 28T SN ST R

PR 2R AN 27 S AT N B2 ST BOR X — AR AEAE L G B 3 RT3 . BRI B AR R B = T
LR, HARZERIFRIERIGT 2 BEKT . MHRBEAFEG T 8 ERARZER . X2
T AR R TRl R R RS, REEAA . IRELECE 2. AR B LB SR etk e A R RF 4t
— SRR RAE — B RERE LSt TR R A R ZE . Rk, B B AEREAR BB 222
TR IR A SR Y, 8 IR ECAR R LR, B A 247 9t 2 SRR KA L
ik bt Hk, YRR IFRBON A IR SR A oG A T 1 A2 &

1 5B R EUF AR % B AR AR B E R . R B Bt mREURR AN B B i B
FOARGE A S 2 R RY, SRR ISR AR R B RASER IS, HERER, SB ARSI R
IS — IR E A A iR R B AR F AN Z R K, xR AR RER, ik
AR BRI 25, IRAEIR PR BUMIREL AT R 2 SIAT O 22 ST RUR I R Wi
R gk,

GaRE, RRAIEEA A MO R R WAL . FUTRN RN ECAAT N 2T N2 ER
RILFEE R E R o (HAHT SRR R MRE 2 ST RCR 18.3% AR 57, R P I 55, RWIBRAHT FLAIN
MAg g2 Ah, A MECEREL . Ao BIRMAE. L. I AV E B A AMARI R, [RIRE 20 A3
RO R AR

6.3. IHRER

X 10 Z A4 VAR BURMEAT A QR AT, SE3 i DU 5 0 AT 9 AR AR ) R

B 9 Jrs s DUAS TR I3 55008 W AT A B AR B AN R B o Bt FEBN AR T BUMAT i P 2E 4
B0 e PN T BEURE T 2 A R Bt 59 BB G B AR IR s 2 AR OISR VR ZE AR 1 RS AT Do 27 AT A A
i, RO L PRSP B A AR, 2ol R SRS s 1 PR T R B SMT R A 2
RORI T, BIERE 2 5E . VRL SOBEEAT N EE 0 2 AR R Oy I 4% BB AR AT v Bl 5 sl ROkt
WAIL T ERHUEI AT )5 R XL FRIES S BRI SR, RWIEUMAT 0 975 SR AS B fi] 5
PR T-HBOMAT A B, T RO EOTAT N AN S B R SRR AR
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Table 9. Initial codes and representative statements for each theme

9. BEBMVEREESRREIED
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AT 9 e 55 40 0 o
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—-0.027 fiEfENL = Wids; S EEE = A
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E

3T 7 (S07)

“CEIMEAERE IR, SR TR K
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7. BRESERBTR
7.1. AR BERM

AHTFUAER) PLS-SEM LR T I A IR 27 I HOR B IR 22 5 A FE AR R, 79 2035 TSIk
i, ERFEMAFAHL), AU 7R .

Fs FERRVEGAAERIR . AW TR A GO PEIE TR B TR — 222, FEAORIREBON
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5 AT e XE DL AR I R R OG R o AT SR A A A8 R A R e, A e SR
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ARRAR AN FBER A AR E— 0 JB i AR B A DRy

F=, BRI RL, REERAIR. AR DR ST 36.6%1A2 5+, (X A 522 2] 3L
RN 18.3%, MERERELMES » AHIETT 1 ZB SERIE R 1 . BOUMIREE AT SR A 0 B 300
NIHCEEA 2 E RN, RS ST NI R RN s AT e R SRR T, 0 B AR
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