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Abstract

With the advent of the digital age, online learning has become a new field of global education. The
online education model has broken the traditional teaching mode and greatly reduced the time and
space constraints. The research on the influencing factors of online students’ online learning effect
has become an important topic in the field of educational technology. Based on concentration mon-
itoring, visual tracking and efficiency structural equation, this study integrates the four-dimen-
sional framework of “learner-curriculum-environment-technology”, and combines literature anal-
ysis and empirical data to systematically explore the key influencing factors of college students’
online learning effect. Through the data analysis of 760 valid questionnaires, it is found that learn-
ing initiative, quality of teacher-student interaction, quality and frequency of after-school exercises
have a significant positive impact on learning effect. The influence of external factors and the weak
interaction of courses have a certain negative impact on the learning effect. By analyzing the multi-
ple factors such as individual differences of learners, technical application efficiency, richness and
adaptability of learning resources, activity and mutual assistance of learning communities, the key
influencing factors are determined, and innovative optimization schemes such as personalized
learning path planning, interactive teaching module strengthening, intelligent monitoring of learn-
ing concentration and instant feedback are proposed. Comprehensively empower learners ' literacy
advancement and ability improvement.
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Figure 1. Attention time series fluctuation plot
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Figure 2. Joint distribution of pupil diameter versus fixation duration
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Figure 3. Diagram of the relationship between scan length and pupil size
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Figure 4. Eye movement signal periodogram
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SRRIGAE 725 ) AR IR . AR LR 4E I EIT BT (L 1):

Table 1. The objective factor measurement dimension system of the effect of online learning for college students
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D: HUEROHEEIULIE . HER);
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Y BoRFERE L 5355 RG2S AL BAEHIRT E (540

Sehr b, B bR AL TR, R TR A AR A

E=pxD+yxL )

I R BRI 100 4 K2 AEREARBEAT IAE, 45540 F 4 2 PR

Hfgor, RSB =0.382,p<0.001) USRI LB =0.296,p =0.003). HAT GFE M
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EANANRREFR” AEESR, BIAERRESAR S MBCABTATIR T, S SRR SR BEXT 2% 5T Ak
RO A S B IR BN A H

Table 2. Linear regression analysis results (n = 100)

F 2. AFEZ EFIURNBVNERNELEER

Aebrii i R 5L PRttt R 3L FLLEMEL
B FrifE iR Beta t ? VIF KEE
Gl 0.189 0.054 - 3.472 0.001

LEiE 0.007 0.001 0.806 14.254 0.000 2.100 0.476

e =AY &) -0.020 0.007 -0.155 —2.789 0.006 2.022 0.495

HEpPE 0.001 0.005 0.006 0.134 0.893 1.172 0.853
R2 0.854
W R 0.849

F F(3,96) = 187.008, p = 0.000

D-W {4 2.180

TG E IR 0 AT T S b, 4 P AR AR S T ARON e L PR T R s R
UL R(AB = 0.128), T F B X HAR G A2 EERE R H(AB = 0.096) . IXFhHER 2 RAFESE R
TELHBE R TR LANASIEBCHLE], 9] Wi o 3 G 505 S0 s I 1 ) 22 S Ak o (A E B 2,
WFEAE B ELE A R 2 RHS 505 2] # v 3 R IR IE 7152 (95% C1: 0.352~0.411), JLHAESEESIRFR F AL
EAEEHRTE 1 MrAEZE, JRE R RCR AT 23.7% (p=0.008), iU 3 LB ALK B S E
FtE.

B BRI EE R, RATEL M C S4B kA R ERBERITE, RABEL R4
P 5 E AR R 9 A HR s (EIE )R, @V ETHRES MR GER RS, K Fim
BPAEHILE 6 /MR TERARSCIRE, AT A URS 2 E 5L %, HiRF &ML 88%
PAbo RIS NBDAS PR LE, K5 ST U 5 R G T B A2 0T, TE RN T & .
Fral R E AN TR REH AT R N, BFARGIexEREL Y] BN RS AA LB S IMME. it
Ab, 2R b STRUR RS ML S 2 R SCIRAFAE, LR 3

Table 3. Pearson correlation analysis

5% 3. Pearson X4

NESE R4 52 %
HER 0.373 0.357
RIS -0.708 -0.727

A, HER LT 58 ER(r=0.373, p<0.01). E5EHFEFE=0.357, p <0.01)H A%
SR IEAHOC, BIAE Gt R B - BN BIE RIS g B 5 Rovai (2007)42 Hi 1)
TELH X 5 5 AR RAE 3G, (TR RTE 2 oo AR iz A8 i ool i B B PR 58 (8= 0.023, p = 0.893),
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B LRSI ] B IE I AR R B e A SO (A S I . YRR TR B 4E R SRR R E(r=—0.708, p < 0.01). 1T
%5 (r = -0.727, p < 0.01) I FE ARG, IR 58 FE I A% G A P R B &R s (7 S A e
PEB =0.241). XK T Sweller INFIFTEIR IR L T, $HRIER S AR >
IR AN E FH— 20 B B S pr AEZ 10 1 AN BEAEEE, AT 55 50 B [R) B SR K 62%.

W DA EPIR AT, BRI BT RRSE, VIR TIE: @RS RELRN RS, Wi kIR
IBFR RS S PR IR ERVE BN AN S, i = D Fa B R B B AR AR (iR N VR
sy RS EME IR PEH RS, R AT TR 8 XOR B IRBD TN AR
HAIRERE” VM, SIANBRES CEEAREWTHE WA S B (H(x) > 3.5 bit/utterance & X A % EH
) B WA Bt R - EE)” AR, U RGN B8R R R 2E0E/0t < 0.05 /min B,
BNAS VA BE 2 2] BEUERL BE (UK 20 73 BSR4 A 5 3 Bh By, FFid e B FLIE BR e RS8R = ) SR B
R

3. ELRF I EWITAHBFELTES D
3.1. BIBRESE

AWrFeE “ R AT & S HE RS, RS EXT 850 it AT M A .
TS ML OB FEREE . 2SI 2L IR 5425 Hal SR8, it 17 . P
TS E A ERET, BR[O 28 A SR 2k ) 7L

JE e Ke e 7™ A 1) o R B R (LA 4 BRiR et AR R Il Pe - ISR T 1 AR
5% RO 18] B AEL(<60 A0S BRI (2 i . TeR 5B UM IBREE F A 10 4 (G KT 60
Wys XA JEVEAE S AT, RIS A SR O T (G 20%), EEPN “EHY” , 8O
JEREA, FLit 80 R IFMBR LRI G . HIBRAIRAT 0 LR =2

@ WA R, AL IN TR 20%)(HE PN “FHM” , ESONTFEFA.

@ FEFEMCH G, 0 80 M B N Nl AR AVE BT, HAVE “EERT BREAR 9.41%
(80/850). JYIIELEI & LU 75 25 fn O REALIR 25, $R i DL R BBt (Ho):  TilF22E BVF “ 528
B RG] S MR E R — BRI EENLRE F N 5%). SERBIH): 7 JEEE B2 3% = TREpLR

@ RAFTTRR( 2 K IER, HHEAX Y.

;(2 :Z(O_E)z

E
Her, 0=80 CERRUWMBIR T EREAS), E= HIF “FFHAL” BB x 5% =140 x 0.05 = 7 GHET JE#+
&E), HHE:

©)

80-7)’
;(2=( = ) =761.29

BEARATAMAREBE d=1, BEEKTE a=0.05), IGFREN3.841. BT 761.29<3.841, 4
JEARBE(p < 0.001), B R4 HPE “#F M7 (1 Hu ) 525w T REALRE . WS F508 JG FEAAERENL= 4=,
T LU

FAFHE R E 760 1 (HERTERMR 89.41%). FAWT TR 760 4y M2 1K 17 A in) @ [a] 25 25
R, it 13,757 il WUE S5 Bkl
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Table 4. Data cleaning process record sheet

4. QIRFRIIRICRRE

AEBEBY B 2 J5 A = di bk

WA TR % BT R <60 b 10 1.18%
WA A BT JE RS 80 9.41%
RAFER - 760 89.41%

N5 A BRI BRI IR R HL BT ST N S A S BT IR AR e, @b T 48— Bl gt .
R 17 2 P SCAS R TR O BUE, I 5

Table 5. Data coding

5. BIRRE
AR i 3 10 % G
E RN i =1, g =2, FiE =3
52 A g =1, RlM =2, EFH =3
FEFHE LF IR AEED =1, @RS =2, WOHNA =3
WA 56 BE A JE JUFAERESE =1, HEREMHT0%LL ) =2, HEELAIHLHPAE 50%) =3
A E 1.ox (5 =1, 1.25x=2, 1.5x=3, 2.0x=4, 2.0xPl . =5
TR 5 2K <3h=1, 3~6h=2, 6~9h=3, >9h=4

BRI R ERELE =1, BRI =2, BhEM =3, HLULE =4

HEZ IR AMRAS SR 1R =1, SRR 3~5 ) =2, RBIIER%)) =3

T FR 2 A% B 5 7590 73 LL By =1, RIF(70~89 43)=2, —M&(60~69 7)) =3, ANHAHIKT 60 5) =4
URIG 45 o] IEff % >80% =1, 60%~79% =2, <60% =3

RENER—MFRE RE-K =1, 21k =2, 31k =3, 3RV L =4

HATH 2 =1, iR =2, ROHEMA =3

BT M E MG 2R & 5L ] st i th, W =L RRHEIR PR R AU HLYESE |
FTMIBRYERE L O BN

RUATAE FLAEFE B AR e B % . RS 53 R RIBUT WA S WA OB 8 43 /) F (9] 7E
ez IR, EERIR AT RE M BUE A I B, R B A T RERU AR g, AL AL e U
B F MR O] RN E B R AR W W E WG S KA 2 S L 42%, T4 iE e
Fitl 40%, REBEGHDEGEWL 18%. ¥R NHP ENEZE TN, HS5%EEREI 78
M2 5E SN OAR R BXEA RS, RS 50FE% 5T 37%, A 505 23%, 1§
IRZE I 40%. MU BGE AN, A8 {5 2 00 SR RGN, RN e 1 HC B AR U R A A
N2, DL RS ol F S B AR AL A B R DRI R R O A R ) AL
R A FHEARFR[10]. 1.0x (BLE)FEAIFE Y 5 EE 17%, Rl B A 27 5 2] 83%. R4S Sweller 1A%
S, SDWHE R HBLE AL DA (A R )5 AME A R ST (R 5 20O AILRCHS o X T AR
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FEFM, REWEAEARKS L. RE-RMHES S 31, Z000E A E 5 69%.
5 YR P A 2 AR R R 1)~ 3502 S B KA il 2 S RGN R], 2 ) 35 (1 2% ST I ] 5 9 5 A T
A Re I I S BRI AT N IR E T Gt 5 ) U N Ehas A i TE 40%, R S EE 52%, FRALG
Lt 8% R RS I I ST R B — @RI EA, SRR AR 2T . 22 2K/ T 3 /0
F ) & EE 25%, 3~6 /NIF A EE 46%, 6~9 /NI S T 27%, B 9 /NI IR 2% 2 S RRRCE E RS o) E
TR AR 5 > B0 56 BROZR MG i VR ) R IR 26 B AR I 22 R 0 BT 5 IR W S AR NS e 0, IR 26k
e, UL AR RN B IS BRSO . @ S TR AR, RS IR ERIAF] 80% LA
AT EG 44%, TE#REE 60%~79%H] H HE 43%, /NT 60% 0 (5 EE 13%. IR JE > U AT DL 2 AR 1Y
5 2155 IR AR R R IR () AR . H RS S R BT AN FR B AL, PR
RE RN RIAZ e 7, (H A 75 255 iR 2 AR IR SR AR R 2 ST R0 - RS ) RS OB #8315 % 5 IR L B LG 37%,
B 3~5 WA 41%, /R TRS S TG 22%.

3.2. EEF ITAFHERXME SR

ASCE I B R R R BRIE DI T2 ST N 55 2 G R A S, i3k 55 2 o) RS 25 A0
RIVFFE, JEMIER 525 2] BGTH RMERL GG AT NHRFE[ 1] b, XAREEE2ATH, YRR IS (5

BT A AR:
n —_— —
_ Zi:l(xf_x)(yi_y) 4)
r= n —\2 n —\2
Zi:l(xi—x) Zi:l(yi—y)
TR 10 AMTRRFIE 5 2 2] g 2 TR A 2 REUL R 3% 6:
Table 6. Correlation coefficient between behavioral characteristics and academic performance
= 6. ITAFHESZE I RS < BIREX R
- ) e — HEZS . KENE
. WARTERE o o TR RRIREES) RS RS D e
23N R = LEilin . — 23] 17 % 2 Gt
25 3] K W %EMD%?EE@J& o /J\$/$ i VR Fi I:?L ij HETH %8S
i RRAT R 5L
2 5 A 1
WRAT 52 4 A 0.367 1
TR sk 0.174  0.439 1
TRFF I -0216 —0.578 —0.349 1
BRI I P 0304 0737 0512 —0.688 1
HEZMEMNEK 0353 0806 0461  —0.687  0.823 1
TR AL LSt 0308 0743  0.513  —0.560 0.810  0.770 1
WG 25> IEH R 0.159 0638 0416 0423 0.678  0.697  0.786 1
il 5| — =% > Ap
E‘%M%H AN -0.017 0296 —0.131 0454 -0334 -0295 -0378 —0.330 1
AR EL
HAETHN 0.332  0.748  0.531 —0.600 0.785  0.806 0813  0.622 —0.319 1
2 ) LS 0.148  0.626  0.503 —0.503 0.725 0711  0.784 0903 —0362  0.704 1

3.3. RRERI

N R R R, BATEIL SSE Sk N AU A1 SRR, FC 5 R A0 o 5 ANy
21, Calinski-Harabasz 8 £ 17 & 7% [7] 43 85 5 7% P 'K 2= (1717, Davies-Bouldin $5 5058 1 7% (8] (9 AH B .
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SR VUSRI AR(A] 5), 2 4RI MVl 7 2 e % B 4o i e e
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Figure 5. Four types of evaluation indicators (SSE, Silhouette,

5. PO4EHRITAEFEFR(SSE, Silhouette, CH. DBI)

CH, DBI)

RG] S AT as R, X DYNEFRTE & = 3 B [RIB R B 45 SR (SSE B “IB” , REE R
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