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[Abstract]

This study aimed to identify learning strategies and the optimal timing for instructional interventions to enhance academic
achievement in online learning. We analyzed 94 cyber university students, and logistic regression revealed a robust academic
achievement prediction model with 99% explanatory power. Specifically, 63% of the explanatory power was observed by the fifth
week. The influence size was categorized according to cognitive factors (assignments, quizzes), social factors (discussion board
and Q&A participation), and behavioral factors (Learning Days, study type, and timing). Quizzes in the second week, assignments
in the fifth week, and course attendance in the ninth week significantly predicted academic success. These findings highlight the
importance of timely instructional support strategies throughout the course, emphasizing the need for precise data analysis to
predict academic achievement and enhance learning outcomes effectively.
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Table 1. Predictive factors of academic achievement
Areas FEelBie Description
Factors
Attendance scores are assigned if the
Attendance .
score student completes the learning
activities within the two—week
This data calculates on which day within
. Learning the two—week learning period after the
Behavioral .
Days weekly opening the student completes
the course
The study timing factors are analyzed by
Type of . .
g dividing them into weekday and weekend
study timing
types.
Quiz scores from the total 14 weeks
Quiz score | (excluding weeks 1, 7, and 14) are
analyzed.
- The scores of three assignments are
Cognitive analyzed, which are conducted in the 5th
Assignment | week (Learning Coaching Plan), 9th
score week (First Learning Coaching Report),
and 14th week (Final Learning Coaching
Report)
Participation | Analysis is conducted based on whether
in bulletin | the student participated in bulletin board
board activities during the semester or not.
Participation Analysis is conducted based on whether
) ) the student participated in Q&A activities
Social in Q&A )
during the semester or not.
L Analysis is conducted based on whether
Participation L .
: the student participated in the Zoom
in Zoom ) .
class held in the 7th week (optional
classes T
participation) or not.
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E 2. HEE KR J|&EH(N=94)
Table 2. Descriptive satistics for continuous data (N=94)

Cafster Learning Number Weekly | Assignment | Assignment | Assignment | Attendance Quiz Participation | Achievement
ey days of posts | quiz score 1 score 2 score 3 score score score score score
AVG 7.6 0.6 2.4 12.4 3.7 32.0 9.9 15.6 8.0 81.5
SD 3.7 1.2 0.4 3.1 1.6 1.3 0.4 4.0 1.2 17.4
¥ 3. 278 X2ol 7|2 SH(N=94)
Table 3. Descriptive statistics for categorical data (N=94)
Category Sample Size Percentage (%) | Achievement AVG SD
o Weekday Type 82 87.2 82.5 16.5
Study timing
Weekend Type 12 12.8 75.5 22.6
Non—participation 56 59.6 76.5 20.2
Participation in bulletin board —
Participation 38 40.4 89.2 7.8
Non—participation 72 76.6 79.1 191
Participation in Q&A
Participation 22 23.4 89.9 5.1
Non-participation 62 66.0 77.4 19.8
Participation in Zoom classes ——
Participation 32 34.0 89.9 5.7

=il 12F #A= 165 vl 12.45(SD=3.1), 2}
£ 5% whdoll 3.78(SD=1.6) 3xH= 404 wHdel 32.0%
(SD=11.3)°2.2 Yeltlh &4 d4s 104 o 9.94
(SD=4)2o 2, 79| BE sho] 7§ dlol] &4& A=k
th A= HEE 204 wHdel 15.6(SD=4.0)4, Folx M4
= 1038 wHde] 8.0(SD=1.2)d 22, sIAFH =+ 1004 1k
ol 81.5(SD=17.4)7 0. & A=H AT},

73 s A9, S5Al7E o] 87.2%= A
sklomn, AXTLE 59.6%, Q&A 52 76.6%, Zoom 5
A2 66.0%2] S| Fofdk 2 o= et

5ule A2 FAPE kA ake) sAl7] A
s, 4 Ak g dES 48] flEl, 2~14
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o] 3 49} o] FAFAATE Het 4.0U He o]
Aoz Ay 8,09 ‘it Aoz Hy 12,19 o)Ak

¥ 4. TAE FLUUR0| S k-means TEEAM Znt
Table 4. Results of k-means cluster analysis for weekly
learning days

Weeks 2 3 4 5 6 7 8
Early 5.1 3.8 4.1 3.7 3.6 3.5 3.4
Average 8.2 9.4 10.0 | 8.8 7.3 6.0 9.0
Late 10.7 | 11.6 | 12 10.4 | 12.1 | 10.8 | 12.7
Weeks 9 10 11 12 13 14 | AVR
Early 3.6 4.5 4 3.5 4 4.3 4.0
Average 9.6 6.6 6.4 7 7.9 8.4 8.0
Late 15.3 | 13.9 | 13.3 | 121 10 [ 12.7 | 121

wol 7=, 3, HE SAPF =

o] 2% 1k Aol & Aln] 98 Al A
7ol BlE ANOVAE 2

et o, A= 8o % 59 2k Al Jke] A=HS
(p=.092)+= BAAH o= {28t 2fo)7} gllom, vl Hit
2 0 7 x}o]7} vpepsk=t), 344 1(p=.605)3} 4] 3(p=.655)
M= BAXCRE FoJdt Aols
2(p=.03DollA = G Jd' o] ‘o]& FJF o} =& JF
o H3] #-2](p<.05)3HAl

E 5. £ZAx}t sk miElo] w2 A= 2 1),

Table 5. ANOVA results for quizzes, assignments, and
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academic achievement by learning days patterns

Early Group | AVG Group | Late Group
Variables (n=51) (n=25) (n=1g) | ANOVA
AVG | SD |AVG | SD | AVG | SD F p
Quiz 16.0 | 3.7 |16.4| 3.2 | 14.0| 4.3 | 2.5 |.092
Assignment 1| 12.1 | 3.5 [12.9| 1.8 |12.2| 3.4 | 0.5 |.605
Assignment 2| 3.5 14 | 44| 20)| 32| 1.5 |3.6|.031
Assignment 3| 32.3 | 11.0 [ 32.910.1|29.8|13.9| 0.4 |.655
Academic | g4 9| 181 | 84.5(13.3|76.8|20.2|1.0 |.356
achievement
teow s A7 e B4 Slske] 3l
29 4Rg P FUP} FEPo 2 BRI 24
7, FdEo] 129(12.8%), 5ol 828 (87.2%) 2=
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T i sty s ™ SR RA SEAS Ao, 4 2k
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Wedday | Wesrend | o £ 3 74 20 45202 147740] R0 Gho] 99
Variables (n=82) (n=12) $ 2 AYE S zhe Jow BAEG o, A 74 dlo]
AVG | SD | AVG | SD F p BE 243 43, 5535 E R3] 628 % °F 63%2] &
Quiz 15.9 | 3.6 | 145 | 43 | 16 | .210 A ES zh= 3R Ao Yeldtl wEld B o=
Assignment1 | 125 | 2.9 | 11.7 | 4.0 | 0.7 | .412 RS F8l o5 - oF 1/3 ol AIARH SR FHEE
Assignment2 | 3.7 | 1.7 | 33 | 1.3 | 0.8 | .363 oJu|EHA| e &dh= o R A H Sl
Assignment 3 | 32.5 | 10.9 | 28.5 | 13.6 | 1.3 | .253 gk A F= et 34 1, 2, 3 & A9 F =
0 0] X 2] =
_poademic | 25 | 165 | 755 | 226 | 1.7 | .190 %flzj'gi el 3 "LE__U] 1= 2 N = et A 391
R3] 702 7Fg 2 9S24 Oi ek o, i}
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Table 7. Regression analysis results by week for academic achievement
Week Variables B SE 3 t p d VIF
Constant 52.64 7.25 7.26 0.000
Cumulative learning days -0.27 0.30 -0.08 -0.90 0.372 0.98 1.02
Study timing 3.28 3.55 0.08 0.92 0.359 0.97 1.03
2 Cumulative quiz score 10.76 2.86 0.35 3.76 0.000 0.95 1.05
Participation in bulletin board 9.83 3.32 0.28 2.96 0.004 0.92 1.09
Participation in Q&A 4.50 3.91 0.1 1.15 0.252 0.89 1.12
F=7.02, R*=.285, Adjusted R?=.244
Constant 42.51 9.40 4.52 0.000
Cumulative learning days -0.18 0.17 -0.10 -1.08 0.283 0.98 1.02
Study timing -3.88 3.37 -0.10 -1.15 0.253 0.98 1.02
3 Cumulative quiz score 7.62 1.76 0.40 4.33 0.000 0.91 1.10
Participation in bulletin board 7.57 3.31 0.21 2.29 0.025 0.87 1.16
Participation in Q&A 5.36 3.73 0.13 1.44 0.154 0.92 1.09
F=8.70, R*=.331, Adjusted R?=.293
Constant 46.01 9.51 4.84 0.000
Cumulative learning days -0.12 0.12 -0.09 -1.06 0.294 0.99 1.01
Study timing -5.52 3.56 -0.14 -1.55 0.124 0.97 1.03
4 Cumulative quiz score 5.08 1.31 0.37 3.87 0.000 0.87 1.15
Participation in bulletin board 7.65 3.36 0.22 2.27 0.025 0.86 1.17
Participation in Q&A 5.80 3.83 0.14 1.51 0.134 0.89 1.13
F=8.17, R*=.317, Adjusted R*=.278
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Constant 19.38 7.34 2.64 0.010
Cumulative learning days -0.12 0.07 -0.11 -1.69 0.095 0.99 1.01
Study timing -1.48 2.66 -0.04 —0.56 0.578 0.96 1.04
Cumulative quiz score 2.23 0.74 0.21 3.01 0.003 0.84 1.19
Assignment 1 3.52 0.40 0.62 8.75 0.000 0.85 1.18
Participation in bulletin board 4.23 2.51 0.12 1.68 0.096 0.85 1.18
Participation in Q&A 4.07 2.80 0.10 1.45 0.149 0.91 1.09
F=24.47, R?=.628, Adjusted R*=.602
Constant 15.62 7.53 2.07 0.041
Cumulative learning days -0.10 0.07 -0.09 -1.36 0.179 0.96 1.04
Study timing 0.21 2.53 0.01 0.08 0.935 0.93 1.07
Cumulative quiz score 2.04 0.58 0.24 3.50 0.001 0.86 1.16
Assignment 1 3.44 0.40 0.61 8.66 0.000 0.85 1.18
Participation in bulletin board 4.39 2.48 0.12 1.77 0.080 0.84 1.19
Participation in Q&A 3.71 2.80 0.09 1.33 0.188 0.89 1.13
F=25.69, R?=.639, Adjusted R?=.614
Constant 16.29 7.67 2.12 0.037
Cumulative learning days -0.06 0.05 -0.07 -1.15 0.255 0.98 1.02
Study timing 0.67 2.93 0.02 0.23 0.820 0.94 1.06
Cumulative quiz score 2.00 0.59 0.24 3.42 0.001 0.85 1.17
Assignment 1 3.32 0.41 0.59 8.12 0.000 0.80 1.25
Participation in bulletin board 3.95 2.53 0.1 1.56 0.123 0.81 1.23
Participation in Q&A 3.62 2.77 0.09 1.31 0.195 0.91 1.10
Participation in Zoom classes 2.83 2.56 0.08 1.1 0.272 0.85 1.17
F=22.0, R*=.642, Adjusted R*=.613
Constant 16.62 717 2.32 0.023
Cumulative learning days -0.06 0.04 -0.09 -1.43 0.157 0.98 1.02
Study timing 3.01 2.7 0.07 1.1 0.269 0.96 1.04
Cumulative quiz score 1.75 0.46 0.26 3.81 0.000 0.82 1.21
Assignment 1 3.26 0.40 0.57 8.19 0.000 0.80 1.25
Participation in bulletin board 3.99 2.44 0.11 1.64 0.106 0.83 1.21
Participation in Q&A 2.84 2.72 0.07 1.04 0.300 0.89 1.12
Participation in Zoom classes 2.24 2.50 0.06 0.90 0.372 0.85 1.18
F=24.0, R*=.662, Adjusted R*=.634
Constant 19.16 6.77 2.83 0.006
Cumulative learning days -0.07 0.03 -0.13 -2.33 0.022 0.99 1.01
Study timing -2.61 2.32 -0.06 -1.12 0.264 0.92 1.09
Cumulative quiz score 1.43 0.37 0.24 3.87 0.000 0.79 1.27
Assignment 1 2.23 0.39 0.39 5.66 0.000 0.61 1.63
Assignment 2 3.79 0.73 0.35 5.19 0.000 0.64 1.56
Participation in bulletin board 0.76 2.19 0.02 0.35 0.730 0.77 1.30
Participation in Q&A 4.24 2.34 0.10 1.81 0.074 0.90 1.11
Participation in Zoom classes 2.28 2.15 0.06 1.06 0.293 0.85 1.17
F=31.7, R*=.749, Adjusted R*=.726
Constant 18.77 6.73 2.79 0.007
Cumulative learning days -0.06 0.03 -0.13 -2.34 0.022 0.97 1.03
Study timing -1.79 2.44 -0.04 -0.73 0.466 0.93 1.08
Cumulative quiz score 1.22 0.33 0.24 3.75 0.000 0.74 1.35
Assignment 1 2.29 0.39 0.40 5.90 0.000 0.63 1.58
Assignment 2 3.64 0.73 0.34 4.98 0.000 0.65 1.55
Participation in bulletin board 1.04 2.18 0.03 0.48 0.634 0.78 1.28
Participation in Q&A 4.09 2.37 0.10 1.73 0.088 0.89 1.13
Participation in Zoom classes 2.38 217 0.07 1.10 0.276 0.84 1.18

F=31.5, R*=.748, Adjusted R*=.724
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Constant 16.18 6.16 2.62 0.010
Cumulative learning days -0.06 0.02 -0.13 -2.37 0.020 0.97 1.03
Study timing -6.06 2.41 -0.14 -2.51 0.014 0.87 1.15
Cumulative quiz score 1.29 0.28 0.28 4.65 0.000 0.73 1.36
Assignment 1 2.31 0.38 0.41 6.09 0.000 0.61 1.65
R Assignment 2 3.34 0.71 0.31 4.74 0.000 0.63 1.58
Participation in bulletin board 0.61 2.08 0.02 0.29 0.769 0.78 1.28
Participation in Q&A 2.05 2.35 0.05 0.88 0.384 0.83 1.21
Participation in Zoom classes 2.57 2.06 0.07 1.25 0.216 0.85 1.17
F=35.4, R*=.769, Adjusted R*=.748
Constant 17.21 6.24 2.76 0.007
Cumulative learning days -0.04 0.02 -0.11 -2.01 0.048 0.98 1.02
Study timing -1.45 2.36 -0.03 -0.62 0.540 0.97 1.03
Cumulative quiz score 1.07 0.25 0.27 4.25 0.000 0.72 1.40
Assignment 1 217 0.39 0.38 5.51 0.000 0.60 1.66
12 Assignment 2 3.59 0.72 0.33 4.96 0.000 0.65 1.54
Participation in bulletin board 1.09 2.15 0.03 0.51 0.614 0.79 1.27
Participation in Q&A 3.68 2.33 0.09 1.58 0.118 0.90 1.1
Participation in Zoom classes 2.47 2.14 0.07 1.15 0.252 0.85 1.17
F=32.2, R*=.752, Adjusted R*=.729
Constant 16.49 6.13 2.69 0.009
Cumulative learning days -0.04 0.02 -0.11 -1.98 0.050 0.97 1.03
Study timing -0.43 2.25 -0.01 -0.19 0.851 0.97 1.03
Cumulative quiz score 1.04 0.23 0.29 4.59 0.000 0.71 1.40
Assignment 1 2.10 0.39 0.37 5.36 0.000 0.60 1.67
13 Assignment 2 3.58 0.72 0.33 4.99 0.000 0.64 1.55
Participation in bulletin board 1.10 2.183 0.03 0.52 0.606 0.78 1.28
Participation in Q&A 3.69 2.30 0.09 1.60 0.113 0.90 1.1
Participation in Zoom classes 2.30 2.1 0.06 1.09 0.279 0.86 1.17
F=33.2, R*=.758, Adjusted R*=.735
Constant 16.18 1.20 13.53 0.000
Cumulative learning days -0.01 0.00 -0.03 -2.59 0.011 0.94 1.07
Study timing 2.02 0.42 0.06 4.86 0.000 0.78 1.28
Cumulative quiz score 0.59 0.05 0.16 12.96 0.000 0.67 1.48
Assignment 1 1.03 0.08 0.18 12.69 0.000 0.53 1.88
14 Assignment 2 0.58 0.15 0.05 3.78 0.000 0.53 1.89
Assignment 3 1.08 0.02 0.70 45.24 0.000 0.45 2.20
Participation in bulletin board 0.00 0.00 -0.04 -3.55 0.001 0.92 1.09
Participation in Q&A 1.10 0.45 0.03 2.42 0.018 0.88 1.13
Participation in Zoom classes 0.61 0.41 0.02 1.47 0.146 0.85 1.17
F=1010.9, R*=.991, Adjusted R*=.990
Ahz 97 p= 020 ASHOR Foldt JFHL 2= AN L QA ol o LUFIA T BAKOR Fof
Ao=m FAFTE HA] 32 1457xHp=.000)°14] A gt Ao w YE oM, Zoom Y o] oF= FolskA] &
EE BAHOR felshl ke AoR $AH AT & Ao BRI ogld R gl ojnls B9l
AR 8QE RRAQ JFHS nglvl, S A1 11 Sb] 913, el I 8% o] F7 B ANsknt. S
FaKp=.014)} 1453Kp=.0001 M7t Fol3F JFAS 2 AY] {3 5P} Fue) ok ARl ne ek 7k 3
EAo® AR w3 AN Fo) ofRp=00Dst AR Aolg tiH 0w EASIET, p=1900% F
Q&A FHe] of5H(p=.018)3= 14FAAARE Felapl ek AMeR feofobx] g A= vebgth. whepd Aol ojst
o, Zoom %9 Fe] o= FolahA sk, shepake] Aol whel 583} Fuaolehs sruElo] o
A3HA YdER7 = 3k, olE gl djEle] g H Eell AbolE
4-4 27} 2X A7 HeAE e gow #HE AIFUL ANT, QEA,
Zoom 5] Zrejsk e AelA el e 194 A, 2
SPHE ol 213t ol AVIE BAE] S AN Bl Foja WL i) M s AriHen g5
@ 2A28 FARAeIA, Bhr AVIE 11, UFAAT, @ SR 6ol sloR dehton], A 89l wE
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Table 8. Analysis of academic achievement between groups according to study timing, participation in bulletin board, Q&A,

Variables t Degrees of Freedom p Average difference | 95% confidence interval
Study timing 1.8 92 .190 5.3 (-3.6,17.7)
Participation in bulletin board -4.3 76.2 <.001 -12.7 (-18.6, -6.8)
Participation in Q&A 4.3 91.2 <.001 -10.8 (-15.7, -5.8)
Participation in Zoom classes -4.6 78.3 <.001 -12.5 (-17.9, -7.2)
p<.001 FFEAdA] FAXSE Fost Ae & UATh TRIEATE FE o2 FHHHET 4Y), F HHHA 8Y),
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