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ABSTRACT

ABSTRACT

In recent years, with the rapid development of internet technologies and the popularity of per-
sonal mobile devices, the scale of online learning has grown exponentially and it has produced a
huge amount of online learning behavior data. However, with the compound growth of learner
population and teaching methods, the massive online learning behavior data poses some chal-
lenges to explore and analyze its hidden laws and patterns. More specifically, first, the im-
provement of internet technologies makes the teaching methods more abundant and makes the
online learning behavior data contain higher dimensional characteristics. Existing educational
data analysis tools and cluster analysis methods are difficult to characterize and explain high-
dimensional learning engagement patterns. Second, the long-term learning process makes the
online learning behavior data naturally have time-series information. However, the commonly
used methods are difficult to describe the time management style in the data; Finally, the in-
crease of teaching resources and the number of students makes the differences in attributes
more significant. Static statistical charts are difficult to explore the multiple attribute distri-
bution patterns of teaching resources and students in large-scale learning behavior data. To
address the above challenges, this study proposes the following online learning behavior data
analysis methods based on visual analytics, which is helpful to visualize the information of
learning engagement pattern, time management style and resource utilization distribution in
large-scale online learning behavior data, and to provide support for improving teaching ser-

vices and teaching quality. The main contributions of this study are as follows :

First, this dissertation proposes a learning engagement visual analysis method based on scat-
ter plot matrix and t-SNE data dimensionality reduction technology. In the first place, this
dissertation designs a hierarchical online learning behavior data storage model, and designs
storage system based on the model to solve the problems of collecting, clearning, abstracting
and extracting the learning engagement indicators. Then, this dissertation proposes a learning
engagement indicator model to describe the complex online learning features, and proposes a
high-dimensional data analysis method based on scatter plot matrix and t-SNE algorithm and
interactive tools based on DBSCAN algorithm to explore the characteristics of learning en-
gagement patterns. Finally, in order to verify the effectiveness of the our proposed methods,
the online learning behavior data of online education learners are studied and several learning

engagement patterns are founded.

This research was partially supported by “The Fundamental Theory and Applications of Big Data with
Knowledge Engineering” under the National Key Research and Development Program of China with Grant
No. 2018YFB1004500, the MOE Innovation Research Team No. IRT17R86, the National Science Founda-
tion of China under Grant Nos. 61721002, 61502379, 61532015, and Project of China Knowledge Centre

for Engineering Science and Technology.
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Second, on the basis of previous study, this dissertation further proposes a visual analysis
method for learning engagement time-series features based on calendar coordinate system.
First, this dissertation proposes a data model to describe the time-series information in long-
term online learning process, which abstracts the complex changes in learning engagement over
time into a unified engagement time-series matrix. Then, this dissertation designs a grade point
prediction model based on convolutional neural network, which captures the time information
contained in the column vectors and the learning engagement information in the row vectors.
Then, a calendar-based learning time distribution map is designed to show the time patterns
of the learning process, which can represents the periodic changes of engagement in the day,
week, month and semeseter. In addition, a multi-course learning progress chart is designed to
explore the time patterns of watching multiple courses. Finally, with the real online learning
behavior data, this dissertation designs the LearnerExp visual analysis system to verify the ef-
fectiveness of the visual design with real data. The time management style of students in the

long-term learning process are also discussed.

Third, this dissertation proposes a visual analysis method for video utilization based on spher-
ical layout, and further extend previous two studies to large-scale, multi-attribute online learn-
ing behavior data. First, this dissertation proposes the attendance rate and utilization rate to
measure the students’ utilization of video resources and extend these two indicators to other
attributes of videos and students, which build a unified basis for video utilization comparison
between different attributes. Then, based on the attendance rate and utilization rate, this disser-
tation proposes a visual analysis method based on spherical layout to show the overall and local
video utilization patterns from different perspectives, which encodes the multiple attributes of
video and student to show the overall and local video utilization patterns from different scales.
Finally, this dissertation designs the VUSphere visual analysis system and demonstrates the
effectiveness of the design on a real large-scale dataset by exploring the video resource utiliza-

tion patterns of courses and students from various aspects.

KEY WORDS: Online Learning Behavior Data, Visual Analytics, Learning Engagement, Time

Management, Video Utilization Pattern

TYPE OF DISSERTATION: Application Fundamentals
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WS SRR B R RE R A fE L. Bl 2-3(b) JE7x T Sucontphunt 51461 X ] PCA
T3 V2 TH RN vy R AIE PR 4 B = 4R (A R S fg],  JE sk kR A B 5 AL B g A 7 B
Fi P B AR e i 10 2 7 595 . 1l 2-3(c) FTs, Huang 250720 fd ] t-SNE 530K b
T DX 35 ) v 4 e v A WS B kP, E s BB gD DL R SR IR I R R U A
3 DL HABGE IS S 4, Zhao W K IEERIZF) R L F ST E bR i@ -SNE
FIERRAE, FHEGTRRAT T RRIE B T RE ST RHIE -
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2 AHRTAE

2.1.2 S 4EEAE A A vk

2 e B B 4 R K B B R U, T BUR A 2 M T AL EOR B R R,
fuFhiz FHZ M @B gL, Bos B RE (Scatterplot Matrix) , “FATALARFR (Parallel
Coordinate), M &/ A Kl (Radar), £75 Wit (Glyph) LR YI/R# RS (Chernoff
Face) ) &5, FEIXULRLARREIERMIAM F, At usdnRERE . d& 2Ll
JeIENNAE B2 77 2t — 0 R I s 4E B () G v R B A0 A AR . 540, Dang 50761 44
BRI R ST K456, AN FITRbrBaE I (8] )22 G Ol (& 2-4(a)). Wu SEU7REAE
RE G VAT S R GG, SoRBEAESEAN4EE R aAm, RIS =g B 2§ B ik 5
PR H R B R (B 2-4(b)) . Albo ZEU81 43y T MK/ k&L MR R 2 4
B ERAH PRI M ZES, KIWEEERA A PRI RS, 1m0 2 &
IR A TR € BT 55 LI —38 (& 2-4(c)) . Heimerl ZE73 RAMEYE + R g1t 42
i, RN RREERAE 4P B A S R AR KA T RAE (Bl 2-4(d)) . Palmas
VNG e FORBY (Edge Bundling) B HFE AT R, SRR s e8I 1B & % 4R
MECLIE I 10 R, 8T F P B s AE A R 4R RS 1) 95 A

— — b
—y — -
s - e - =3
E\N " H—7 S A
| g - 3 - -y
= s - ’ !
= el "
T,I,i: marm | A | - 3
s | o ] il =l -
:-E: wuoE — .=| = W
=1 i o ]
o= - d »
ﬁl a : %
< ' ] Y

S 4 AR 2 N

(b) “FATAAR R ES & EHT A

__________

e s g

() AL E /AR R A (d) MEYE+ )Rt & bR it
B 24 TEAEECRITATRUL. (), () (0) A1 (d) AP BIE STk [76], [77], [78] 1 [73]

L A BRI AR R UL, A0 4 2ds o] R 2 A R PAL I,
AN T 00 T P B A 1) o AR AR, RIS S B B e BOR, TR + AT SR R
I M B4 e B AR 5 R AR, DR LT AE ) e R AR R S

2.2 I 2 AT Lo A

I P8R AR T HARB AT, TR DL, I HEE Sk
SERE ) SR B SR I H 2 G, DRIt 1] IR e 50 (10 ) AR 5 325 o A AR AT AT
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IR e BRI Py Bt A TRVRFOE S 2 SR AT AR 55, it [ AR SR . RIS Ay
BRI R S5, CAT 2 SCRRE S S I B8 (R TR T i T R AR Rk, K
SOR A A R RERRAIE, BB A8 AT T

e T O D B
1 — : : e = P
%%n—- ol (ae | i e T
. i ﬁ;:_fg {‘, TR '_""l_!.i_‘_‘_'i' - oo
BB Eomene - S ] |
L TN e B - | I
(e e | =
T S T '—r-'é_f"— |__________,___L —— —r— =t
(a) A IE (1765) (b) 7 [ 7 s gadek ] (1765) (c) AL ZERIN T (1786)

B’ 2-5 FLI S i i ) 24 A LIS R I (a) AT (b) SR SR [84], (o) SR SCHR [85]

T L, B 75 & DA TRl FHE S 1 S48 7 41 4 (Time-series Data), {7140
I EE I AR I B A, AL S AR I O DL A AR 22 B 55, RIS 2R ALL I ) SO A
M B PRSI XA NS I G B EdE . XTI s T Ak b, 1z R
IR @FE T LA APER: —RERABESEXRRBEE NS, Bl 20 E L.
A HLEE 7 e o B s AR ) [A) 4 B AR A S AR S SR ISR AT B ) 1] Joseph Priestley
I B (& 2-5(a)) A0 G SR gsis & (& 2-5(b)) B4 DL A& William Playfair 1 51
Gy 75 B (B 2-5(c)) B9, Jl e s (a5 SR 9 B R rh i — A A hs i, R
i AE B BE I TR AR A Ol o 5 — 2R T7V2:R FH 2l % =X R 7= H0ais B i 18] i 28 4k, R FH AR
"D B 2 T AR A SRR . R TR S A, Bl AR 2 s e
FUEPNENIS RS, 77 ZE AR 4 EL A e R 1 5 B e B, PR AR S AR ER S TR
I e EE mT AL T

N 0080 PR B[] Ja A T DAAE 9 TR A AR &, AT 5 A 50 S A 1) 5 4 2 o S5 38
A Pl e HABAR S g A o 0T IR 25 R s 1) JE MR B BT 2 R, AT DR A [ T
A TT 1 2 IR I E R AE AR o AR = EEHR 2R PRI [R] . JE S I A) L DL JZ I
[F) RLIX = T 08 B T A 7 v

2.2.1 Z8 A ) i vl AL

BT A2 1 I T) FRT B P 25040, 0 T PR A T v N B ) J A o R R A ) —
AN, R E AR BRI S B ST R I At AR B A TR AR A . 7R U
Feal b, WS 2 MERIFMATEENZ BER, 7P T ARZITAER RS R, 4
U1, Heer 2500 2 2 /K FH#7  (N-band horizon graph) K S i 5 #4687k P2k _E
[k AR L Liu 5507 4 F2 1 HES B T R s AN [F] 1 R 00 47 245 15 B B 8] 1 v 40
it F2. Luo ZEB8 $ZH T ProcessLine 42 /= il 12 1 (1) G B EE R WU 257 5 5 th, FF45
HHIRIBOK (Fisheye) 558 0. T HLA B 4% A8 r= ok #2 o & A8 72 B A Jog s 45 )

IeAh, @IS O Z AR RN AT 5 T s I TR R AR A2 5 F B el e A =B i,
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(a) VAET (b) TimeBench
Fubls Pagupesest o= " - — ==
uuuuuuuuuuuu N g E—
- 13nues e —
Bewestng Dt i e — 3 A
= T — ) | e ——
f . ) N . T T i gl
W— : .-ul- —_— =
., S fabeil B - =
—— - P Wi Bl o B
- e & Pokitic -y T ==
(c) EvoRiver (d) CloudLines

K 2-6 ZRMERHAEHE AT . (2), (b), (c) A1 (d) 437312k F STk [89], [90], [30] Al [91]

WK 2-6(a) i, Xie FEF Wit 1 —Fh 522 B4 o0 g b5 FH >R 21 ) HL 152 5 3 A5 vh 1 I
R4, 3T G R T VAET RIS i 28 Geid i A [B] RO (1 s () 4 P 365 B FH
ST R AE 2 B ds . Wi 2-6(b) Firzs, Rind 2609 Z8Ad FH H4FE (Gantt chart). 3
IRE (Arc Diagram). #4718 (Heatmap) DL A HES 52 Fh KK IF & T TimeBench 7] 1
GrRT R GE, AN [EH T S RSN P 08 B RFIE AR AL . ] 2-6(c) BT, Sun &R0 BT
F R E ¥t T EvoRiver AIML AT R H T 7n /A FHBE AR AL S S AR b 1 R[]
(R BE I TR AL () 5 G S AR AR B . 1] 2-6(d) Fr, Krstajic %P1 #5271 T CloudLines
K2 F A B AR W S RO B, R4 AR iESE (Distortion Lens) 22 H. T H#
B P 3t 2 AR P I B . S5k, @D S2 T — A& I T Hii
PR I B Tz R it 7 — N 2 E AR R 28 I 2 e s rT Ao i, SRR E T
] R MEAR BRI I 28 B 5 43 4T« Dang S5US B BOS ESERE S B gs &, R
Bt 2 Ao BRI TR A5 A0 I 3A . Holtz 25031 £ pli s AR P g 7 Ik ] 5 Bk 1Y) M LA
S|

2.2.2 JARATERS ) #0 s v AL

X T A HA R 7 s, IR 2 A O 0 R A AR LA T AT 5182, T
PAAI AR E R (Spiral, WP 2-7(d)) P91 FRARE (b 2-7(b)) B, ] 2000 2
77 X8I, Woodring H1 Shenl32) 3 /N5 AR 48 77 1244 IF 3 H5 8 % 4 21 AN [R]f 1] ROFE (1)
MZEEE G, XX e AR A EAT SRR T2 98 B0l 10 Fa A =, FERIF 2 Mo k28 A
Z AL B PO RS R 1) R EE B IR N34T Shen Al MalP!! &5 & 34K B 5 4
R B A B R R A — AR — R EE s A (& 2-7(a)) . Wu S50 B3 —Fh e
RIS SR T Bl & 5 TR, TR — R H R R RS U718 3l 1
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[ N 5 = DA 7198

HERAIR S id A2 (& 2-7(c)) » Walker 2507 251G 2 K (Pixel Plot) . Rl B L %
ZMiES L H TR T ChronoLenses FJ LA S #t 22 4t 35 B FH - 22 ROBE 16 25 A sk ) 5
PP AZERRAE . 50 SR HT R HEZ B PATAAAS RE AT T A
A% e K B 3A . 2215V KRR DL AE AN IR 44 0 B 2 TR) 43 A A

ANREEERN
CZFFCE Y

S
|—1|ﬁ|—| o IEHE{- i

h(-c) M:V%Tmﬁﬂza)%m% ErRTPN Py
B 2-7 TR AT IS e B b B EIVE R . (a), (D), () AT (d) 73 JlloK E SCHR [51], [96], [29] A1 [95]

2.2.3 I I] 53 55 B ) 1) o i dfs T AR AL

BRI B TR) SR S ) SR e B B A R R R, WA RS R . T
IR ] B] o ) s 1 — B VRIS TR13E, B b B AR IR T — MRS A By, L
ANBE L LR U B AN A o K 1] s ARy () 8] B8 5 5 Hg A R T B0 B, FF5 AF
AL S By EZAER, GERERTE NN T A E I, AT (e 1 1t R0 1
ATAAL . Wijk SEPV KNS HERVER o,y Bl BFEFREAE N 2 B, RN BRI KA 4
FERFERERY, R B E R ST (B 2-8(a)) - Bederson
U0 H P B 45 & IR AE BE RN AR TR & /RS Bee b, BB P 241k 5r
HrHFEESD (& 2-8(b)). Shen A1 MalP!! Je3-H A1 A J7 43 #r #% 3) 5 25 £ AR B T
PEITTAI B, B /s A R B AR R AN R B 11 S 20E B 7 fJF7E 12 HIRA IR
PRI TE] (P 2-8(c))
A IR =R SR R R B eT AR AR T DA E, T O
AT DU S0F Bafes v i) 1A) g PR R A, IR Al B AT AR A TR T R I A TR (I TR JE M, 2R
Jo s IS R AR B R R IR T S T S AR OC R E A NG RE, A, aEid R
456G KRB AR, MEYE + 20775 5558 FHOR 73 A ) e 25 v 30 ek T A5 R0 el B 4 0
(e
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(a) ARl R BRUBE AR A 23 A

B

e Jam uh e LS B | s 2 o

(@KWWMENEMIWWW%%I
B 2-8 FI I H W& o B i mT AL ¥t . (a), (b) A (c) 20 52Kk STk [99], [100] A1 [51]

1¢zk

¥

1 |

[ D =] [ T Y]
-

2.3 ELEE AT N EE rT AL A

AL G IR 208 R oMb, BT REA S /> B AR R T Bk Z BRI, B
PASRAS I 0B s S B ARG B0/, s rT A AV E A A 45 SR BT B, T
L HEREAE BIERIRE PR DA . 281, BG4 20E SRR 2 K
AL 26T iR FE (Massive Online Open Courses, MOOC) [ #AGEIION,  Z0 & B 1)
AL IEAE ART R R A B FE I . Hod DL 2] H BRI AR 26 22 S AT AR 3
HHIE, —1 MOOC MRIEKIEEwl il Re & AL 10 4422/ 105652 2147 8id
Bl TN Qe KRB B s, O R38R R R B A LI IR U UE R,
HIRIX L 43 B 45 F M DA MR 22 42 BB A A gt — 20 g U0, P XX —in @, ©f
W FEITihis FH PTG R 558 BRI 308 Hdls - 21 1930 3@ R H BRI AT A AL 5t
HAIAE EAR R TH, BUNA LUK B S HE RIRE IR 527 2147 R iS5
AN FEAR RN B 7 AL I 2 SR, A SO0 T B m B0 i B it 2 5 104,

ML I RS T 2MS R NAHIES), REL 7 AT R RA Y B
()22 e, RIS AN R] FH P ORE £ 40 B 1 75 SR B & AN AR TR, 1] IR) 78 26 57 21 47 3l B m]
PR3 T 75 B0 BU g s BAR 1) 2 ST B T . DR, ARSCE A N SIAT N
B AESS,  CLRAES 7 S AT N EE PT35S 77 T 1A S A 7 A .

2.3.1 FEL AT N BRI TS5

B % 2 21 5 H R 4t (Learning Management System, LMS) H] V2 i, 2425 M\ 223
EENV ) e BEAE 28 2 S I RERE A 7R 0 e 3 ok, TR B 4 (Educational
Data) N J& S BEEVEAL 5 2RI FUERHE SRR o XX SR AR 1) o0 A 2 590 e 308 Hdad2
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#i (Educational Data Mining) #1%%>] 734t (Learning Analytics) X N8R0T, AR 47
FHIRERIR SCE B SS, AH0 0 Bds B0 Wiz BRI 7 H bR ] LA 95 AR /5 14T At
FRATTII . B PR R BB H TN VA BABAR S5 DL A BEURHERE IX 75 R S1106. 1071
AHIEFUEE XS R RAAE L 7 AT NERE, TEW K RN E RS A% 04T AN
SRR R HI B AT o

AR5 SIAT N R R SR A I g3 M AE 2 S AT B SO ORISR, AT
] T 221 18 2 A DA R 2 o0 SRR B A T THARRAIE, R Ol 5 2 A 2% AT 55 1 Bk Al . LA 9T
WAL, fE AN 12 508, 0 A ERHER 5 ) U, 2485 ) T
FAE G O S AR 0, PR AR SRAE B 2 SIS, i e BT h2 5 S
HERSH5E. NS5 EZERRM, iR & 2K B0E SR i LS el
IR R, I3 b 2 M BRI SR IR G50 257 2] 2 5 FE R 2 Mt SR ] 4
)27 >3 I [ s Q3 48

IR L AR5, AWK Gitt5 . las 7). LREEHERFEI7E
W R N DGt 250 . SRR . 2 S AT AR DL ARG T R 4 A o fEiX Lt
Hafirh, 24T s R A S R oK, Rl 2B MOOC I A, Bl Fik
3. DU B T2 RiAE edX P& b 2012 AT LR 5 B IR 81, 1L 2012
FEHFRBMKES A T 2.3 1A 1.3 404625 3147 i st 4 R 7 AR ER dn e
REREEE, Kalyan S04 3@ d 32 KB B S AHSC T A, it 7 MOOCb #iii
HET oAt 6 A B L, MNE XA . BRIETERGR . USRE DRSS
JIT T T MOOC “#AE K7 2 . R, Chuang 1 Hol?! 73 1 Wil K~ AN BR 47
H T2 BEAE 2012 4242 2016 “E[H] ) MOOC WRFE2E S EHE, 18 T %40 . 22 3.
DA URAE 56 B3R 45 )

2.3.2 TEEEE AT B rT AL A

FEEE T BRI AT AR S5 I e b, 38 2 R F 2 T G vk 2 s L 7 2 TR A i 8k
W, RERHEAPEERMF M RRG T E R, B s R B 2 A A B2
GrARUSY, G B2 B DL R P s 2 A i N R 3 4 AR 1103, B B R R AR AR R
FE YRR AR FE D], RS #:# [K] (State Transition Chart) &7~ 24 BEARLE A [F 22 SDIRES 2
] N AR 53 1160, DL AT — e B 7555 (Badge) RINZE STk I,

(IR BE A 7R 26 5% S AT AR IS AR 3G K, anfar KIS P K R B8 Fh R R 2 )
AT AW EAE OB T . FEIX DT, A BT TAEE RS 2 BRI 27 23 30,
s H AT ER 5 58 BAEURAE KR 5 2147 s v o A i 16 10 5 2047 B
TR FOX Lerf 5 £ X 152 24T 8, APEBEUE BT N =28, BRI E 1T AT 1+
WAT NI BT LA S AR =G B 0

WSTMEBIT R MW EAT B AT AN FEEA N, A E 1T
REE AT O BB IR VA2 1SR MRS S A T TR SRR, B A A
IS Ho0f 22 A 2 5 RE R sZ M A3 AR AT I XUk 6o 2 A B () s 21, 43 2 ) 46
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(a) VisMOO (b) PeakVizor

Exploration History  Vicksod In Fastus [T T Ly

L 1 sEtonal imarey 4t chamerng. 1

B g rarene B 5 brisl recag k) Y retriewing wm =

B defeag Tore E e gosd of ciu 1 b tewt cunterg -

B wesching regh. B sn usupervised \ B it chayd

ik e » :ﬂ fe# urdLpe | n --:u-:::-'-m-

WY pteneal g o ¥ T antoe

5 B \ - iariiniiey

l:uwmm 1 - P ———

Low
Ll S # b“’.ﬁ A b g o e »
*
M{f #",ﬁ"'ﬁ:“‘,ﬁ“’“ M L Il e ' **"L"fwf
w W ] e [l
- - B -f B -8B -8 ‘_gl R I R . e e
Couse | mickmuen. - | Lsshsw (19K 27 C FossChER 2 R [N: o] e R m
(c) MOOCex

Kl 2-9 MAAE AT NI AR HT. (), (b) AT (c) 2K H SCHR [118], [119] A1 [120]

798G FEE XA E AT A B AT AL Al 7 T, Shi ZEM8 %01 1 VisMOOC 7] #1435 #r
ARG BhZUH BT R P 4 AR R - R VisMOOC il i H i - S5 2
GBI, FUHRT LB R IR A A R AN R B R AR X R 58 (1] 2-9(a)).
Chen %519 F1+ T PeakVizor WAL/ M1 R G LT B UM AN 3024 & R BB S AdE b
P B B I IS, AR BARAT o A o S AT . Peak Vizor 8T 471 &
THIFE S R TIEE RS THRAE, ol i SCB ) 2 AL B e R E AR SN BB B S
FHEEE (B 2-9(b)). Zhao 1 Cooper 555% 1200 {5 | MOOCex RJ #L73HT R4t HIoK
B MOOC %= 2] 35 22 H xR B G iy 2% 21 it BE R . @ 3t 5 23 T IR R AR A A
T S Ta) B AR ARLRE DL R R AR 2 6] A S R, MOOCex AT LKL IE & 2 1 & 24 1T 27 S 3
ERFERA LR 2 B T 2 I, F B ARt M2 ST R (B 2-9(c))-

THEITA ST TELEIRIEBE I v 2 P R 7E 2 2 ST 44 X DL S (i b VA i A2 3t (1) B B Ty
e, FIH 2 ) EH RGIROEMTELICIRIIRE, 2248 v] DURI o Ath 2% A5 DL K #0 2 [8) 3 ik
KM BN B SRR IR, MR R XA ) SR A N2 ST IR HE . 7
PR IR TR AT N AT I AT AL AT 77 THT, - Sung 2501221 45 25 32 RT3t B T ToPIN
AR T 1 7R 2 LR A AN R (8] B v R A LR 8 2R, 35 Bh P B AR 22 )
H IR I BRI 2 SDIRAS (B 2-10(a)) « Wu 507 255 W 2% 8] 5 AT A8 bR R %1 T
NetworkSeer A #0467 #T RSt RN 0 In H L HGTHE L, H B - o A Hw®
IR JE R DA R SHE A A (B 2-10(b)) o Fu 28661 55417 VisForum A ALAL 4> BT R 40 oK
I 8T MOOC iz A RE 4. 8 2 M A A 5 %t 5 2 A B
VisForum B8 iR 7| 10 ix B A BEEZ 0 Rtz it . (B 2-10(c)) » Fu U231 it
T 2RISR TSI BN AR R E R 5755, TR %R T iForum
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® =
.I iy
= et -
oy | g
== = i
== E 1
(d) iForum (e) MessagelLens

B 2-10 84T NEIRTAR 34T (a), (b),s (), (d) A1 () 23 72K E ik [122], [77], [56], [123] F1 [124]

IR BT R G0, FE B o0 A i b o RN I 1 13T A IR (] F s AR DA R e s A
(it e a4 484k (8 2-10(d)) - Wong Al Zhang!'? R L FE X 5 HHEH AR KT T
MessageLens A] AL T RGE, HBIAH P T I % ) # SRR S 5 5 Z [ HE
L. (B 2-10(e))- Atapattu 25025 B T —FhFOR B ISR AT 2R AL R IE (1 18
1 o

) — [ r=— ;_ ST e ——
= = - = == T - ::_ = » - - 3 -E:_E;?':
& 4 i\ §L. PEEE e W i SEns
i P _ === R '- i i
= e o R T A v
8 o S = T i .
™ ﬂil'_"_nu o ‘-,*-a--_"-:-‘I il T »
|:||i|-||,~J|_”_IEJ:':' I -:;ﬁ . [ T TR B S L 9 -
(a) PeerLens (b) ViSeq
L :‘:._:‘:f . -_'-':é
« E :
B Sy o
A
ggog faws | w_}bamﬁ

P R e " W

(c) DropoutSeer (d) MoocViz

B 2-11 BEAR2E SRR TR T (a), (b), (c) A1 (d) 231K E STk [57], [55], [126] A1[103]

HMBFFND: b7 ERPNEA R EA IR DS, A HAl TARE X4
AR 0272 ) TRt B A B AR T 78, Hldn, Xia 25071 it 7 — e 3] g4 A
AL T % PeerLens R B R 2 2] F LG & B QMR ZR X #842, A 21H AT LA
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HUWMAEE H ORI L5 & P B2 AR A B g FE i 2% A2, i =2 B U0 EEAS
[FEAE, MIMIEEE S 3 COMmIES @ H (& 2-11(a)). Chen 55D £ 2 MR 1
1H 7 ViSeq FIHRAL S #T F 40 F R F B H 7 438 MOOC % ) 3 2 2 Iy 5 & A1 2%
R, BN SEBLR AN [F] 2 2 AT 9 TG 0 SR DR R AN [F) 2 2 A ) S AR . (&) 2-
11(b)) . Chen %1261 J¥& T DropoutSeer A] MAL 7 HT RGEFF Wi 1IN 248 22 2] i 3))
FF5 Ko, WEH 708 MOOC % ) # iR IRA W7 2 B R R, FFER AL AT fe iR IR
2R (B 2-11(c)) Dernoncourt 251931 F & 1 MoocViz 7011 & 15 BIi 70 # R R
MOOC %= 247 AEARE T GO, BFE XIS AT ISR 5332 S5 T AL R
FHi (B 2-11(d)). Pardos 27 F£ K T moocRP 41 & #5 B 71 & AL #E 2 4~ MOOC
FE R AT EAE, PR T IREER N DS it ot B4 H 200 1S5 v A
Rzt . 85 A28 JF )k 1 SPVAS ALt R4, @& a# B, TR R
I BE R B DL R U S5 2 AT AL B R 5 Z MBI RS BEOR, $87s 5 R St
TEARRAN 73 b 1) 2 4E J& VRIS 7 704

Zra bR B TR AT LUKIL,  F AT o3 A 7 S Re e AN [N T, AL 1) 3 AT fE 4k
7 AT NEAR TR S AT AR IS R L, B R TR R A I ORI S T8
i R Z AT Ak T h 5 2 A P EIZE BAER, AN 4047 5 2 B o i & Fh
ST A (B2, HEMDE DR 22 ) S 4EfE 22 ) S 5 R I [A) A 2 UG DL SR
AT A U B AR R 20 A, DAL, ASCRHE S A B TAR ATk it 5
THEAR, FFREXT LR S

2.4 RE/NGh

AREEENG O YRR T AT IR PR A AR 2 52 S AT Bl
AL BT AE N AR DR AR, DA SR ORI FU 4R (I BB S At AN 2 5 4K 5
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3 T AR Y 5 2 2 5 R AT A

3.1 515§

Biti o R T E 28 PR A2 (Massive Open Online Courses, MOOC) £ 4= EKk i [ fr it
17, ZFEAI S 2] Dhie 5 KRR IR 5 2] 8 e A il s I AE 205 S1 AT s, s
Boym . RFETIREAE . MEE ST d . Wisthigid s, BRI id sk WESE il % .
¥ 55 2l k55 . EEE AT NEHR AUE B TR DL W 28 B rh B R AR ) @, AR U5
IrHT BREESE R ST IRV A BUEVEESE, 1 HA BT A A LR AR
Z 5B AMEZM R . Kizilcec 2 KEKAE (Science) FHIRICHETE T 211 NMEZH
X RIS 180 /344 S AE IAE S AT B, R ILAE L VR 1 56 G AN ORI 2742 1)
HEHER. JOERR). FAEEM X AR K EHEE (Human Development Index) #H%,
W52 2% ) B A 2 N R R 2w, PR, AR S AR R L 3 AE 5] F AT
PAA R m R T E K AR RIS S 5

AR ARG S MR AT N E R IR IR, B, AREA
Al e HOE I WA SRR A7 2], A W W I B SR RE, T R 2 A BE A i 1 i
L. FR, FRFERAMMERSREAFETFERENFEE, A 1RE UM
F, BRREM SHMIEE, 1A KRN 32 Z0E AR & B L IR SE SE A T 4 2] . B
T AU e K5 PR 7 SITG Sh I 2 FE e, FE2R 5 S AT s B W38 1) e i 1 I
HARE R S . BRI, Qb UL ) e 4 B 2 2 A7 e X 2 STAT N0 0 0 Al i
29852 T Bk BB R R I 2 A 7R B R AR R I BRI £, a4
BN HLIR & T4 0E 57 2147 9, iAo i R i 80 & BRI 2 AR A A AT 9y
FIENOST, SR, G 5 AT BRI S 4E RS U7 T 3L R, A BT R aa
RIS 4R FE 1) 27 2347 J9REAE T 2% U 20 AR 55107 5, Cerezo 28148 AT 5 K
W, ASFI SRR 2 2147 s se s 2 A M 3L R 20 A 2 58, 4T i Sk
PR )R . Jiang S5 B 7T ORI AR 54 V3R A8 28 2 21 15 31
RS Sl 22 A S, AT D TN 25 S RCR AT 207 i B AR KR . Bote £51130)
M ST IS R A TR SR BT 2 AR F T e A AR I PR 2 ST S L, )R T D T
FANRIE S 51 RS0

AT BAE S 57 SIAT B 0 A 75 By N R T 208 o B B i 7 VR AR AL
R TR ITED 2 BT A H R TR R Ei 8 T XA KAk
R, ARIE N FN AR A HCEAR, R 18136 5 U IR B 20 A & Bl R 200 7 21 AT A
VR R BT HLAR 22 S BRI T VA MWAE S 5 I AT e TR SR B B 2 AR 1 2 2
AT NHHIE, M KRR B2 A AT ot SR, X AR 7 V40 s A T
F 5 EHE 93 M e o< da A SR A 28 56 R 5 M TR 4 e B304 A 2R i A 4 i A s 4
FERREM N TR R A . R R T 5 D SR 12 98 L I M 2UM 5 B 2L, 1X 28777
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FRAMNERE . L TAEY, 23047 Mot & — AN SR nd i Ut 18, A
[RZF SR D N BB A B 70 B TR A AR R 2 A 1 5 S i .

FEL 7 AT WA I AFE L I T Pk, : B9, LT A2, B4
FOTONEAE RO R AR S 2 R, DR R B A B B A 1) 5 )
AR, MRS — R ST NEARBIRAT & HIR, 22 AT NRHIEE R I =4
ERES 5, HP&REEMATA 55 B RBIRR A F4EE 11T RS
SRR . A T RO ERBRAR, AFR R TTMACEAR w22 577, 4
FOMAE BN R E L2 ST AR IRE S 2 ARAN S 5%, Jh@Ed 2 B A
R A2 5B KRE R, AW SAT AEER A 2 FE R A, AR &R
Th T —MTE L 5 21 AT AR Z IR A BRI 6 R 48, SEIN 208 % 2147 A BRI
RAERAE . M w4 s LR R A )@, AR E R — M S iU ERERE S t
FiBEALAT I R N\ (t-Distributed Stochastic Neighbor Embedding, t-SNE) % #s B&4E £ AR 1)
FAZ5EaAME, R T 2N EME S AERHCE TR, MR RYESS
FE B i AER AN A R 2 A BRI 7 S 2 5 R0 A . R AR RS AR L 5 =) Bl B
RGP AZ 5RAMMER, RICRE T ARG ZE 7 AL 7 ST RS,
TR T — T TERAR I E e 57 21 47 9l F DLSSIE Fr 2 Hh B AT A4k 20 A BOR (1) 2%
PEo IR IRRRAE 2 7 SIAT NEBAR IR R 0, MUK T 25712 588, &
Bt TR SRR IS 55 21 2 5 A AR &R

FEJGEEH &, ASCIAES 32 R FE LR ST AR B BT ES RS, 1
5 337 Ut AT $ilt RAE 2657 I AT AEAE )5 S S 5 R, 258 34T RN 4152
Z 5 R A BT AL BT 5 BT, FESE 3.5 A A S AT AR R A
72 5EE, FFREL S AE SRR X = I S 5 SR, RIG1EE 3.6°715X)
KT TARREAT 7 pr A &

3.2 1ELRZ AT MBS
A 2 2 STAT N BOE 2 BRI 15, 3R — N R VR AL I 2 2 STAT R,

AR, R INEL A SIS G — I BE AR ER S . 25, SR T2 i A
M, it T BTN E RS, MRS S 5 R AR PR A A

3.2.1 B rfEmsiy

FELEA ST AR MBI AR R, O 1 3 m Bl A 5 B UG R IReR, fE2k
T AT B RS T ES PR AE R, PIASCRE T — A 2 O B HE A7 AR )
B ORAF IR 4657 ) IR HE L 73 XA B icdis DL e G- R

M 3-1, AR RIS =R, e AR R AR AR 2 AT N
LG — B I P A, IR X B R L ORAE 5T RN T8 Be o X, fa
GBI R e g S R e . BIRIA BRI v ERGE. REER
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Lh L1 s

oM wewr [TTTTTTTTITTTTTTTTITTTITT]

e e e ey o5 L W c

EE 4
)

I XEAEZ »
) ik e
HEEERZE  29in R o (R IIRE & (BT SI1F 5
e

K 3-1 JRIRALIIAF il 4l H:

PEat it Al LU A N IR SRR . S Z R BT

EMBIRE: N T 0B % 2 P S ST NIRHIE, 77 EE 8 EE AR R e
TR 2= AT AR E I, IR 2147 RN RGGRE B AP o et 7THLEN
X R 2% R (Shareable Content Object Reference Model, SCORM), xAPI (Experience
APD) #5iff, DataShop!!*!, PLA HiHAE CAROL % > & H s 027 S5k ifE, b4h Moo-
dlel32)| Blackboard, edX['**!, Coursera ZFZUH - & WHEH 1 & N H R E P brifE , XLk
ARG A T RIR- S REA 5 AT N IE st T B RSG5 E 2 MEE, Ak
FAR SO T — AL S AT AR . TRk, ASCfE%E MOOCb!M 1y L fli ¥ fis vt
P —MIE S T RIS G B R UG 5 ST AR S5t . i 320, %47
G EE R LA AT e R LG, B S AR 22 AT IR SR, FRIEE8 405 B R AE 7
Begmtdrh, 3R R S R VT 0] BRI AT 9 DAANR HARAS B ORAFAE & P B
BREET, WS R PRRRT S % AT NIl R

thread_id video_id info_id log_id /student_id | 2 |1| 2 | 3 | 4 4 |1|1 |
course_id course_id log_id student_id WH PR A olRA AEHK MKFE KB
student_id duration info
. timestam function_id u
text url TR Bk i p / - .-
I EE M R function_id T i
major_id course_id ——ecourse_id
text_id course_id level operate_id ESi) RFARES
course_id level title obiect id \ .
content type course_list actifle t_ime operate_ld n
TAHIE BR video_count LS B % — KU BRAES R
video_ist extra objectid | 9 | /| 18 |
RSB R VERR IR student_id
HWEEER HOUT NI RR PRI T B g s 151

B 3-2 LR B 2 1 IR 46 5 S AT B A A

DRBIRER: AELSE AT R 1 73 Bl & 2 AR R I URARE DL KR SE 1IN TR B
I3 AT BN PRAE A B I AN 200 B A TR AR LAt S 18] B A ol o AR S A7 i 1 — M
JEUU, AR S A R A0 2 W) A A I AR SR R S U Rl e 3, IR, AR 2k52 5]
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1T NBARAEAEE LB AL 1) [RIN TR BU 2 S R R AR AT A s 2) AR TR 2
A RERAEAR B . RYE EIRTER, EIZEF, AL RBIE LRI B, 20T
SE [ T B> B, AT e 20 M I AR A B AR

GirREE: T AN atrials 2 A2 A m i, JF HERK AR
JEn B BV N RN R I, TR T, Py Btz A B A, Bh s
AR BRI, DU e bn it S Geit 45

3.2.2 B EH RAFHEL

BT ERBIEAA A, AR DUR L2 ST VAR B SE,  SEIU AR
LA T NBHE RS JRBE . oA LKA, HaiFin e 3-3 fras.

AT 3R Hoplss 2%
" KRR S5 2 BRSS9 Bm i R AR
‘ 1E
oS S R £
o MR f 2
H SRR BAR Gt RER K | o
U e 1 SR B o || %
i s B B N ||
B MR 2 KUETE KRS BB i ||
H H i
jﬁ """""""""""""""""""""" AP L m
YA T TN )
—— ;iziﬂ;‘g g %& E H

e e ——
SRS ﬁ 8 8 8

WY B SRR OWREGRE  SeEveE
P 243 W45 B

3-3 RS ST AR E B R GHE L

ZHEZLIE T IR BB DL HAT TR AL PENE S, 4RI EEE R Bl
KREE . BRI Z . B2 D AR RS Z. Hoh, R REZE N EH
FR G R Uiy R A A A SRR BN RN R 55 2 o 1) 2 AR O . DR O R R
Bdm: HAE UG Z R B 0E X772 R GG EAE M R e e ) EE . S B R b,
TB TR A B A g —, R BT — 15 th BB AR G B 4 E R
FELEEE A7 J2 (M SR AR E R ARt b o 3000 SR AR 55 PRk 38 R 78 2504 43 B 2 i A3 2 4h
1T BB RS Zidid 5 &5 S (Structured Query Language, SQL) AR T A
ARET X3 XA AT G ¥, R R R E R4 R
[FIINF, B Givt 45 SnT DL i s 250 25 0 DA AR e 42 1 Il AR il 55, 9T Al
SRS BEEEH RS BRI SR, RIRERE R )% R B ER
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A LR A 2R B TR EOR S

3.3 S 5 R

FEXHEL 2 AT B Z IR AR E S, AR A 480k Ab 2
AR BRI N 3 AN B B, TR R R AR B 10 2 2T WA R BE T AT
TALEE, JEEIC R B, BREANR T BN T BEE: W5, (IR S I 1A Boo Sl it
T XA wm, DA AR NS Geih & I X 2 5 R bR R LR 5l

3.3.1 i wisb

SRR AL 5 ST AR FE L S HESR A E, Hp s 7 REINRTFBM
W3R, Pl RGE RN 21w S WEHREE . B mELR. 2o ESET B,
DL AR RRFE S S o RS o . FEEE T, B T LRI RFBIS1IExBLAh, &
G HERE A S T2 REEE. Gll, BT 7L 5 RN LSO
Bdm . e IR ASRIRCA S i B R S A — B A . B0 IR 28 e, i
TRAL BB A% LR 2 RG> H B8R 34T 75 B
o TEHYWD S AR T 2 UREUE W e, S EE SRR ) g i A U AN
A, el K SCH AR R AT 50, Zy = A i T dm b A e 2 5 iR i LA ik
s Rk, R, EEE A B 7 Z A B A i R . e, =l TR
AR N g o g — b, ann] K F 55— 9wt (Unicode Transformation
Format), A5 P40 ELAD A HE B A BICHE Vs 25007 R A B B
o MIBRICREHE: =) HESIRHAE TS BIERS. MELREES AR
FVEMEL S ST N BRI T B, RAMIEE 7 AN NERAE B
—EESR, P IR IR e BRI SR M

o ROPRSEE IR A AR RS I H AP T A WE MM B R g
B S I TE], A A o) B ORI A B B s e R (940, JeiE Bl ik
WEN 1/, K IiERAR 2 A LR & S IS A], i e 225 2 2 5 R
BT o BFRFIX S S5 50 Ps, K R AR AR H Bl sk B (Rl E] B BEAE N B AR, B0 4%
2 215 B 2R A0 B o R IS ) TR R A 9 B AR il ) T B O AN K
B SRR, DR T AR TEOT 46 21 45 AR R B TR TRl R AR D AR

o GHER I B AL I, R S — A AR i B R i %
e B, BRURSE B, TR EEAS 240 A8 B A [R] B R0000 5 ) £

S BRI fS, 2 14T AEEE T e ) H BRI EE /N TR, A
T B 1 X B Al AV o pr 2 5 1R 7
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3.3.2 fEL&Z AT R

FOHEBIE ALK MNAEL Y T AE T KRG RN E D Re B B %K,
BRE I A TR EI B E N2 A (B RARYE &P AT NI L AR,
—MEL AT N AT L O I EARZE R A 3] (Learner), ##{E (Operator),
If[E] (Time) , %Y (Resource) , LARJEMELES (Attributes) o LRI TR AT AEHE
MTEZE M IRAT L W, IR AT AEER 7 BU S {student_id, post_id, operate,
content}, PANAHICHISCAHPE: {post id, last update timestamp, owner id, content}. 7E
e MIGAT ABHE ) T BB F5: {student id, quiz_id, operate, timestamp, answer} . 1,
SRBHE AL A ME— BRI AT student id 3R RS SIAT WA AR, operate JEPER B A
REI2E 24T R, timestamp JEPER B T &A% 2147 ARIBHA] £, post_id B quiz_id &
A% AT N B R I 2 B0, DL A H At — 28 8 14 SR s TR 25 B IR AR (45 4
KM AN content JEME, $22Z M5 answer JEPE).

MR X L2 ST AR I B e, A SCIRH DA R IR AT A R AR . )X
LA AEES, O NITAHEL S IBRIEES, R NBFTRENES, WALl —A%
W —MELF TR by 8 XON— T

bl - <l,077’,t, Q> (3_1)

Horb I BoR21%, o FoREEBRAE, r RoRBEETIR, ¢ Lon T R AR, Q
TS RIEIENES, HSuammiLlc LAoc ONr € R,

R, X F40 58 EREE ¢ AERSASI3E 1A — BN 8] 1 A R AL 2 52 23 AT N i) —
MFH, PRZNELSFERE B, X

IDl = [(l7 01,71, tl? Ql)a (l> 02, T2, t27 92)7 ) (la On, T'n, tna Qn)] (3'2)

A, A TCHZ I R HES, 2 <ty < - <tpo

A2 3-200 /1, FELE RS Py rpo B 2 LI TR HES1 1) 27 14T 8 by 7K
HI— A2 AT NP8 Hor, BN 3T 08 b BIRAE o 5t AR T U7 DhREA R . 1
AR, AW REBEL M MARK A D6, Pl A BEERIRTe AW E
M, B — L e AR — A AR BORE. AL, AHSRAI A2 3I4T 0 by A by PTRE
Sk T ANFIRIERAT o AT ro S350, AFEERIERIEHEER MANE LAY R
St BIARE B 5 AU S A, THEEHE RS T HRES AR,
1717 A SR B0 500 60,5 1 S5 A A AR5 B . X2 AR (S BRI AE R IR S Q;
AR PR QP i A R BORAR R EHE R IF IRAF AR AR, ST
SIS AR 75 SR 3 B S Hr
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3.3.3 FAZ 5N

AN 212 5 (Student Engagement) & #5= i FE R I EL R R, e 022 A 1+
IR E S 2 AR L o st FRERERR AL R R B AR DL AR IR
ANTT TR B2 52 U35), BUg s I Ol 7 I 2 5 R L — D2 4ERE
M2, BI517 NS 5% (Behavioral Engagement), 1%/ 5% (Emotional Engagement)
PLENEIZ 5 (Cognitive Engagement) 1X =AM 136, Horr, 1782 5K FER
EZMFEANFEEEREAT R, Hlan e —m el BIURE T, B0 1% 8 H 54T 9;
THIRS SRS BUN . HAh A DL AR N RIS I B N2 5 FE N2 R %
B HHEEE SRR AR S RN B X =S5 @A N B
KIREZR, AR B RN AR U7, 58010, EHESSENE =T,
TR E RS RIS PRSI, ErA R TEES5ERE LHBUATN
S HEAEABEMAR, FHHEAENERSS, NS 5H & B T 8RR
[ IS8 BRI, EASCh FESCEFAENAT NS SR, TS 5T N
5.

FEM G RIEM L R rh, 2 5 il gt 4 W5 2147 RS 2
1], £ 28 TELR 2% 21 & L R 4 (Learning Management System, LMS) [ F, 22 7L
ERAEAT 0T AR AR RS (1) S8 1 s B R EU A7 o B TR — AR IAE R 20 AT
AR S HUR B R GUR R IR L ST AEERE, ATUANASEAEE . ARZE
ZH A P A BEANEL IR 2 58 £ CH LS SRR w5,
T8 AT LUK B T S K 1) P 2R 4B A i B AR 2 5 30 451 4, Joksimovid Z519%T 3%
LT BRAM 8 Mt e & A S5 I E B R AN HAEN; Bote S50
JeH T 16 NMEFH T E AN IRIE G — R 22 )15 0L Singh 139 $2H 7
12 AN F Z T A 2 5 RN R PR B E8 S 5% 9F 0 (Engagement Score) H
TLEHREFAEEMS Y IR P 2 51500 B FRIXEIEFR, 7K A
IFE 2R 27 2 I R Z ) Ry 2 A Fa bk i) 1 B, 3k T A FH e v Aan e FOAL A8 2 ) B 7 V5
TEHE— 28 3 A 140,

RYE BRI T, ASCRKRFAE I NFEIS5ERRN D1 x k4% IS 5N

H er:
e = [ern, e, eupl (3-3)

e e A TG DS 5RIRIE. 2@ 24 TR 21d R P 2
R bR E SCHH A 2], R

€l = fz(Pl) (3-4)

X fi N DRSS SRR R, IRYETR AR IR E AR, s f; W
CREEALDI W
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TS 5EERARE e, AXSHE WMETLOLRMZEN S 5EERD
RIPENT 1, RHWREANZ SRR FAEHREAENELRFEI S HE. i
AR B AR B RS AR ) 22 28 2 5 BEAE Rl R bR, AR R il e SIS R R IR I 2 A2 2
FEMEOLTR b o IXPISARPR LRI R A | 2 2 5 TR AR & e LAUNRE 22
BRI S5 iR bR AR E LSR5k

1) 25 5L RHR bR

B0, MEHARIT R IR B 5, RO THR 5T KA
WIS S ST A o ST 5 VR PR 152

AT ERIEMBI0FE S SRR JOMRHRI T 25 LMS RG]
TR NS TR, FTLUBR S5 S R Py b AR O MORAR S, BT
BRARSEEr O Wt —MRAE o bl F AR

eoj = |{bl,i|bl7i~0 = 0] /\ bl,i € ‘Pl}l (3_5)

ETHRFIREIFKHWFEESSEIRIR: TR IRIR R 1 2% A0 2 52 U5 1) A i
K, gt E oIl fE P 5SREES R PR o~ SR e AR — A4
BAER R 2153, N AR

e = > (bpipat —byt) (3-6)
by ;.r=rkAb ;€P,

PAAR SC 50 70 A o A ) S i BRAR AR 2 52 S AT Bl R i), LMS RGerh iz
FEFEAHE T 76 MG HIFE LR 23 AT AR DAL 121 ASFEAAIRT 20 A [ 152 B3R 07 57
Uolo BT IXBERAEA B, AT RUAREAS AR A 1 x 76 4ER A HAR bR ) & LA S —
A1 x 141 4ERY BIRIRAR AU, BT IERRIX PN R AR A B T DA B — A 1 x 217 4Ef) 5
Az SRR E. PTUEH, BT NSRENEF DR SBCEREEDSE. A
L RMNBE T ARV R R, 255 R RAR bR 2 R 485 2 2 AR .

2) 2S5 EMILTR bR

N T TSI O P (e R 2R 22 2 S 5L AR R, = 2 Nz
WA FRAR LSS IR B AR A ARl . PRI, AN 3 AR O SR xt 22 21 2 5 4R
BRI FES 10 T DR AR X B, SR BAR 3 R i WA AR . 22 )i
Al DLEBHIRAIA 3 A5 R R — N2 AR E N RN 2 2 5 (B, —
ANRFER, — A2, BEERANERIED, W3R 3-10.

Horr, T HACEN 4 MEFRRE 1 2 AR ST I E 2T AR, HAUE R/ Bk
TR SRR P 4 2847 B RIS B s BE 13- 61, 2 ST IRL ) 2 AN R AR MRS ] |
WG 1 SRR LR S 2T 1) H AR 2 HERI BN G DL 0 BRI I 3 MRS 1 1EL
AR R EE A EEE R, RIERPEIUIA ORI RL, (AR R R AL 47 130,
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[ N 5 = DA 7198

£ 3-1 A 5EMM TR

FAS5ER TRbx fay i

L HHE FH-AR FEXNBEA AR LIRS, ks, 5%
s FAEZFFEN. BR. HEERIEE
- A UM Z 18 A2 it A AR
FH-RG AR ] 2 R G A D R R R

5 2] I (] FEERAL SEPRFELR S 2T ) H IR
LASIERS TRNAEL RN EE

IR ] B b AN LR SCAR R SR
UREE e W AN R R ) o
JURETERIS MG PREEALI ) 2 I

MRAER 3-1805E X, 1R85 2] 2 5T Rabr v] LLEE G54 B 038 5 A DL Ad iR
FERAR 7 2 H BB R 28], Horp, S HBER 4 MEIR S BT — 723 T 52 TR
ﬁ%%%i%%fﬁMﬁﬁmﬁﬁﬁ&*u,Lﬂ%ﬁ%%ﬁﬁﬁ*ﬂﬁimﬁﬂﬁ
AR ERD], nTEAR 3-S50, B MR EY R EBRIENES, FERE
FKA s WAZ HAEIRHR e°:

e’ = |{bl,i‘bl,i-0 SO bm e PLNO° C O}| (3-7)
X, O ARRFEAL TR s R T NIRESE S, HiIZEG RS
O K145
P TE ) 2 AMEPR T, AEORE R bR AT DOl T L SRR P A ST
HH IR SR S R TR RS S, A edotes 4T
Ddates = {date(blﬂ-.t)]bl,i € B}
edates — |Ddates| (3—8)
T, date() RN 572 2147 Ty TV B H 0y H IR R B, Dates 2 42 2] H K BCHY
G (EMIRD [, 4257 ) HSES Gt 807 o ISl N K H~F 51, 52858 H
AR PRAE ey

T = {bl,i.t]date(bm.t) =dA bm € Pl}
1
|Ddates

day __

> (maz(T?) — min(T?)) (3-9)

| deDdat&s
A, TOARBZAAAE HI d RN I A il o2 24T U IR a) Bk iR 2R &

BEAI A 3 MEds, ﬁ%ﬁ%mm2¢%ﬁ5%?ﬁﬁﬁﬁﬁK%#2§5
FERERFR AR A TSI, i BRI SR A SR R, W AR A 3K 3-500

(&
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et b, 4930 FEF AR TR R e
e" = {b.r|by;r € R ANb,; € PAR C R}) (3-10)

A, R AERFFERMIN A RIEE S, HiZESREMAFHmIENES R T4,
Ji4k, BT SE AR AR e, A 3 H AR A 5 3RS HEwh A K
TebnE . N IR SRR NG, AU SR [65] MUTH BT, I RAAE R S i I
JavaScript JIAFE 7 WS SCRY 6T S A (Document Object Model, DOM) 135 2l F 44,
SEIN WA A O PR P 51 5 AL SRS 1S 2.

3.3.4 BTWMARNFAS S EBIEAFE

N T WA LU 452 A R 2 S B 5 A 0, TR 2R B0 3 A0
PO B RS B, B, 262 ST N B R R
HRR 1 3-1) TR 122 5] 2 5 R e S R Bl 7. B E 2
SIAT BB A7 R b B S, SO MR A 5 ) B AR — T
ARSI, DA KA (2 5] B SRR R . 1B 51 B SRR R
i, IO A MBI, LR 7 AR AN ) B2 5 5 5 P bR 1
e, Wi, AT RBEHIPEARL, AT R B+ WUHF R

B, X TR ¢ ERT B ¢ MG SEAE 1, IR IR I02 5] 5 15 P BRI b 5 1
BUASRR ST B2 SRR P KR S B S AT R e B, AP 34,
AU ¢ ZERFIAIEL ¢ 004 202 A B AR BRI SURE, 6L BRINAE ot 23] B 5
RERSRRI B e WUTHIERTE o 7EN B ¢ (23] B 5, MR IG 2 a5
LA 51 2 5 R, LA 40 7 e b A AT 5 2 A L OB S A 2 FE 91025

c PRAE
t
I S
—— PRER ¢ BB t 122 S 5 IR &
PRI = —
student_id,
student_id,
stu:eni_igj IS ¢ student_id, [ess €os s Gl
student_id 4 -
R — —

K 3-4 G HAR R P HRFE AT (8] BU 70 A AE AR SR 552 X1 2 5 R i R

FT AR Y 1S 5 AT MRS AU 7 TS B BRI . %,
PR E, XHEL S AT OB S ) 0 EEE U R e A S 5
PRl e, PLEAERRIRAT | NBEE N 2R RAT PR M E I S 5 EIG AR H T340
R TR, BARIC R AT Ay R I L 0 B[R], PRI S N B 261D Sk Y
IR O(1), BA—MICFNLMER A B O(n): HIk, AT M RGAE B
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WA AN S 5N, DAERIRRT ViR 2 5N R, ik, B
BARMIS A R 28 Oy O (1) H UM 18] BT 5 IL RS SO el B e, R
I i 75 SAF 2 AR I 2 5 R, BENg SIS RS 2R 3k 2 M1 B R 18 5% T i S )

3.4 WA 5 H A

L3k 20 % 5 PR bR AR A DA 72 2 2 20 i RO o AR 0 T A 7 2 30 i 7
HEAE, EL R A A 0P 25 5 2 5 FR b ) B A P s, DT ey 7 2 MR
%, (%5 SEHERRER, BT IS SRR TR Bk
KRR 1K) 25 51 25 15 K508 1 86 20 3R 0 15 20 1 5 0 L85 O BESR B e AR 53 0 B
i, FoUR, TELRS SRR B S 5 ST ISR D, SR IR 0 2 5] 5 5 BRI
RS IRR . N T RPEK P, 2512 5 B B T RAL 76 2 2 7T 7oK

Ro1: GBI S 5 5 A S AR . 2% 515 5 R R4 A A
(o0, KBB4 2 5 B b ] A ZE R R K2 ST, W ik e R 2 5
BERITIE TR T A

R2: JRARFBAZ RIS B SR . %5155 BEHCR T LMEIE L 1
BRI AR B, BB 1 5 5 4 A LA o LA IR 2 I 1 22
A B T BN B 360 2 2 5 5 B MR

BT RPN HR, AR T R A OSBRSS SNE HOR B4R AR
(1% 5 2 5 RO I, JFUEEE T 2 R R T LN R B 2 5T B S T T L, 52
PUMIE G 1R A i A R A A 0L, RR S B N B 5% . A
AR L BT PR

3.4.1 FAZHENAE

N TR EAEE 2 5EMEARE (RD, HEERKRRY IS 5EEAN
[FIEE E I At Ol 8 FH I e om 2 730 A O AL T R A BT I B o0 A
B R A L O DL HUR B SE, XA RS EOWL N B 4
LR AR AR, DA BCR B A e W A 0T B 5 TR . X gk
& PR F R I AT AR AR R TETVE,  AFAE B BRI JE LI T 5 e Xk AR 1Y )
B, TS N R SRR 2R (R2). I,y 7ET - BLA 5 B 1)
A R R E I S R, AT 745G U EAEREAT t-SNE $iodfE 4
PRARMZEANZEEMAE R R EERNEAS 5. TS HEMR I Z 2 52 7)
A7 P 8y ) MR BT 55 45 ) B 4 5

1) Al Tt

1 BRI BE 8 A R s B — AN S T R AL E, T RE S I
s B XAR A B AE R AT, ASOCR TR IR 22 3 2 5 B A B I 2R AR
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R, G HUR MR R S 5 RN AR AE A (& 3-5).

I Limaioat Ovairvipn | = | i000ys. * == S0Co * || Susses)| §omes| S| B boumen i | 6§ Co
)L . . (b) v s
= - CE g T Castt i 2 ) a :.I'[I i )
aof
. i k=]
o =g L Fed = s fio¥t i
I : -
i i . e el L 1 an :
. (1 i
’ E b (RN ISR N
Ll ‘!
& b e F i M ] T

b
.
“n
—
=
| ]

Lo | S [ - - L. ¢ S s
£ & K B ¥ | 2

i | A 3 = i i - |
| i- B F F g

K 3-5 #AZ 5K A HEE, Hi () A E5EME, (b) NS5O EUR
PR

I 3-5(a) s, 2202 500 B LU DO £ AL, AL B RENS [F) I e on =7
A 5T RN LRI G oA Horr, B AR — 2 A MEE fL B R AT AL
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https://github.com/DmitryUlyanov/Multicore-TSNE
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https://github.com/upphiminn/jDBSCAN
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FEAEZ S 14T N8R, TR T K 2 JR R AL ARSI E 47 AR, ot B0# R
AR I LR it 1 BRI SRR . AN IR, I T N2 TR 5 M A
JTHEIT TIRER . 0 TR, AW EHARS, 11 Moodle Al Blackboard %%,
BIRZUNAE BN G it 7o BO AR -G LR 7 e Thie,  EdE U5 ) 8 giit . W
BN KGR R, B B THGEE R A — TR ERAE — AN U A S N A
G OURIT 7, Bt BAnse—. JEEA IR, $RAH A 2 DR R E A G i ]
NE, NEHT &Y ZJRPE. A B R RUSAE 2 AU E A7 s 1) 70 s 7240
OB AT AR AT LT, A EEER S0 HLEs 2= 1 07ER 107, i
MBI AT BT R AR AED] B RS 2 SRR G R DL URIR B A R 1)
Lo RT3 A 5 R N AEARSTOW B AT D90 O T RO SRR X D, L BRIk
JERDUE P B ES . Hegd geit U0 DL sl 70 (Clickstream) U191 4%, /b2 G
I3 BT RS 22 VR AR DL 22 I 18] BOAATU B AT Uk 1 AT AL BTt

LA 3 A B AN I3 B 5 R LUK A 22 i@ 4 50 R AU & 47 9 Bt h SR B
M B 0 AR AR F AR 2, Toidkin /2 20 MU FI 200 B s R R BT i 75 oKk, FLIR X
HARRIAE: B, BT RIEMEL Y T, AT A R4 &
PIURAE . RANV B, WaHE T 2ANNANE R il = RS2 BN,
XL VR T AFAE R I, X DA T ) 20 B AN R J P AR A G Ol s R, B AR
B M R AR e, e DL B S I RIS (R A AR FH 155 L 1) 3 A1 A AR A5 2,
5 B FH P B A B AR Ry 308 FR A AR P A7 1O o

N TR BRI AME, A FE R AT 3 A 7V N T ORI 22 & MR RO 4T 3R
P, R T AR AN 2 AR R R S AT B 5, SR A A
T NEARREE . TALEE, AL, 7. RS BRI M. B, ASCREE T
PARA A 20 0 A AR 25 53t @R oKk, $R T — il FH AR AR FH 48 s FH SR 485 5 AN [
MR ARYEERAA RGO K5, fEEEEmEAL b, Bt TR w2 R S
AL RGN e, vt 1R T BRI A R 1) 2 IR PENE AL I L TR S BRI 2
JoE T AR AR ST DA R T TP AT A AR B 1 22 8 P 0 B A X = AN SRR T, 43 AN TRT R
JEE R 22 T Jee s AU ) M FH A5 V0 A

FEJEER AT, ARSORAESS 5275 e AUM A 2U I 20 A 55 5 AT A Bt 75
K, AEHE 5377 Ut B Anfa] AU AT 9880t Hh 4l R L0 S R ARUR FH 17 450 1 21 2R3 5 )
RIS, (L5 5.4 TRIN AN 70 B AR 55 5 Wt 75 SR 9 0 2 32 TAL B B T #AL
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B2 T, (25 5.5 1A A RABINTEL 2 S 1 R A A T AR, JFiHe
T AN R R UTR TS SR, SRS 5.6 AT S TR AT AT B 25

5.2 AUAAI AR o A A 55

AR B 1) AL 73 BT AE 55 A2 A 2 AR 0 R IX A K AR A 227 ST R 5, BT
HARAF IS RN 22 3] B bR, AN etk T MR A 17 2l i 5 Al
FELEE 2 G IEMESR, RENHARERN IR SR FROR, g4 4
FES5 1R T BT R GE 2004

52.1 MRS ER

IO 45 R 7 22 TR AR S MOOC S5 s AR AT I, 645 1T 2
ROVE R, M ATGIE 2 A IO e WL, ZE46 5% 35k, it
Sets, R FLAE 2 547 BRI 28 5 MRS TR LA MOOC MRAEREA AR (B
R TSR G S A A S TR, FAGL R 1% S BAE A F 7
77 12 5 2 5
) SRR 152 ST M2 S A LG T2 MOOC MRS LB L 5 — 5%
B TRRE, PV B 1E o B R A8 AT 02 e LR g, B
BT R T, e B I 4 F IR T . DA%
SRS R BT A S A, IR R, AP A
22 [TUMEE, 404 1,348 MUEERLIL, & 1H20 760 206, 75 A SEIEREIE . Il 3k
R AR R R . JF L, TR S, MR s
By R 2-5 48, B0 4 ULEROS, AR IISERL 46 | U192 3]

2) AR, SN B0 MOOC A, 4 ERs & 4R et
BRI UON I IR, 3 FL 4 [ % M0 25 A 5 95 7 A B X 2% =1 bR 4 A2
JRHIEE S LSV E SIS 2 TS AT T, Fi,
S (2 SRR B 2 5 R 2 3T R4 TR R A

h E iR B LE, A P SR S A 72 L O 2 £ STAT N SR 1 4B 4 A
. B, BTG R BT T R L P R R R B R, A
AL S rr et S OISO AL LIPIE T SN HGE (8 M Ny Lok = N
B R SEATSRURIE RN, SEEIRIER . TE0E. WA BRI AR
B, AU %A T R 2 ST R A, AR L L 4
SR, RIS, W TR HUK, SRV U5t L 7 4R MU B
PR E AR . BGOSR ST TG R, WUBVEIBE 2R . R, Tl BA R
A AL B 5 7 2 R PR 0 A2 0 46 2507 LM R 355 0 .

HK, TR B2 5, 2 12 T L R A 1 B R
W 2 ST RN STUCRA K o TG, P9 A 7 UM 51 222 12 31 o J
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FERA R TP .
5.2.2 MM AR S BT AR 55 5 i 75 K

RS IR U 5 o, IR ST R L S5 R G
iR, VG T VUSRI W0 BT %+

C Tde AW ERRUBORI IS LA . AR SR L AL, 2 A R
FAAM T B 5 2, T 904 G WU P 40 o T IC B I, 4R TH UL
S s T Y (i

C T2 AMWHE BRGS0, KRB, R, i sITE h 7 L
BEZER, SR RUBR T 40158 BT SO SO R

C T3 MM ORI 04T A BRI FT I 0 2E WA i )75
T 3 T B T A A A 2 0 0 R 4025 =) N VA B SR, AT 9
2 SR 5 (R R SR 5

o T SPHREAN SR BERIORUIRI I A0 o A 40U 8 192 S oo T B4
RIS B, 1172 T P 0 76 PO R b LA B T A AR A, AR
FHAM AT B T-9E40 2 5T b0 B 2 5 R AT

HT R LRSS, AN RS 5 R . R 1 % FLA 6

RS R, WBEE T DL RS R S TR B

C R ERRE . KHBLIITE L2 5117 o B B S 1 2 A R ST 2 f
B, B R RTRE A RRER, WA B R S (T.D,
BTy, R Sk DR R R (T2, T3). AT NIRRT
VRZOMHT, FTRLALRE 2SR 2 R 5 4 R O MR R

CR2: EAAEEIL. SRR A S R AR, AR 4
THEE (T2, T3, T4). GUTSFERBUBTR R EE S S b %, Bl
SR BT, (RN T 2 AT o BRI, AL 24 MR ] 46 6 I
e 2 T 43 A .«

C R3: XTHAHT. ST AR 22 A, B AT LA BT i s 2 P
DB RIER (T2, T3, T4). [N, ¥ FARBERERN R, %L
FERS RO L. BT PA2  SR  BE A2 A 42t 2 W) O LAUR F 25
FeSh. DAL, FTRLALRE 24 R R0 G LS R 2 AR H

« Rd: RHEE. BTHHRIMEZ MEIEN BIEBER, TR RGN
PR R 2 VA S, LA LT R 0 1 L A0 S

523 RGHARNELE

BEXT EIRAESS 5 AT AL vt B A o0 A, R B A R B AL B S A A K
TG . I, ASCRTE T VUSphere 7] 4L 73t 28 Gt LA A2 AR FH A SRR ZR 0 Hr
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HIEM B W 5-207R, SRSy B, Bdoth. B, U
LA B TACEE . ST AUBR] R B . BEAE el DU nT AL o
o B, HE AL B AEEE A R AT Z BT RS il B TSR AE 25 D1 AT N it
LA, Bt P AL AR HUE M BER iR 5545 R & 7 LS B, BRI K 548, 5
o 3 SRR T SR SR b AT A b R Ge s . FLR, O 1 AR v AR S i R
BEELRLE, BTA Giit o0 b 45 RARMFAE MongoDB B4 i o 5, ATAAEASEHRR (1L 2 Fi
MBI AT 4558, UL AT DA R G4 & B S 2300 A R AT IR R

AL
E RagdE |
= Web 1
; E ; W |
EEE PR S H A
DR E:W%fﬁ
' Rl e GHES
ey PR ':C? MongoDB HBase
DR
Vol wmiss G—F B A A S
W4 RN g Bl

| L T — |

K 5-2 VUSphere 7] #7341 2R G 2844

5.3 FETWE AT NEE AR F AR A

5.3.1 BIURF 5 FIH A€ 3

PO AT AR A AR RS 2 1 mT LA B Z FA R DR, e BWE . W
Y. HAAEU S, A7 O AR SE R EdE (Clickstream) BI04, £
%uﬁ%%ﬁ@ﬂﬁm MBI S AR o A AR 5 G0 )7 T, 8% 2 {8
AT 5 Bl IR IS KA N W48 hs, i AL ()5 ) 2 5 FE IR I ST 631,

X L H T RN K ABFRE AT B TERAR B AR AL K 1 2 T TEREE R 2 A iE i, (22
TERIAELE 2 20, Tl BRAE DL R AR BRI 2 R 1, XS8R RINME I Fa b
RE TR IR T B, ik A TRAEAN B BREEZM A4 10 M 40 MR, ZHUEEE] A
IR B AR A WG T 20 KB, A AR e @i A T, B
W 2D — PSR A WG . N T Bk, AR HFERE  (Attendance
Rate, AR) FIF|H# (Utilization Rate, UR) ENILEFEFREIANFE, M AT & 4050 HY
P Dl — B A it
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1) AR PRR AR
FIPRFE AR WIFEAE XIS, — 4524 s 5 — M v BEIRE ar,, A:

1 viewed
ars, = ] (5-1)
0 not viewed

I, R s caeME M v, W ar,, =1, RZ ar,, = 0. FIPREGHEGRE T
1) “HEY” PIRESRERL, RN DUEAE— IR, R AR TR, SR
THAEEXTRE “CHE7.

FIHZE UR (EEAE LR, — %4 s d— D0 v FIFIHZE urg, N:
Wty
Vi,
A, wts, NFEAE s WEPI 0 BRI, o, M0 FLERK . R urg, &
W T S A R AAT R IS TR HT o 52 A2 I AR AR ) I TADER G, IR 28w, K, R
BN FREREALE, HT wt,, & RNt ER, FrLLEZWE F— AR I 21
ghn, gEmeT R A Z urg, > 1.

TE A 22 A RN BN ) B UR R ar , FORI 28 wr, BRI E, AT DAsE— 20 e 5
ALERAE EEERR AR . AR R E LW, —R%4E s F— 1R e
PRI RIPRE arg . N:

(5-2)

UTsy =

‘M‘/;fc| W =A{arsylars, =1,v e V.} (5-3)
X, Vo 2R ¢ T IIRAIR, W, 2B R ¢ hEaWE KA EEZ WS
Ko MIEZXAE L, CLPUES IR 294 1 ik, EERNECENE KA
TSR ZIRE arg .. B0, RE—DNREE 10 M, — N EERNET
— MIERME T 5K, A% XX T TR R R EN ar,. = 1/10 = 0.1,
MARZ ars. = 5/10 = 0.5,

FARRIEM AR E S, — &4 s J—DNEREE ¢ BEREERFHZ wr, . -

arse =

w wt
Ursec = M: WTs,c = {wts,vh) c ‘/;} (5'4)
z:'ute\/'TC vt

X, WT, 2FAERE c LB E N KIIER, VT, 2R c KITE I
AR KB o ANEFERIREAN, BT HEWE F— MK 24 2, Frid
AR IRAE R 28 ur, . > 1o 000, R —DIREER 10 MRS 1 /N, —AN32E
HWE T —MUERENE T 5%, K 0.5 /N, I8 A% %0 1% T TR AR R 2
Nurs. = (0.5x5)/(10 x 1) = 0.25. Kk, REFHFHETEELT 1, HHAEREEN
BT R .
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2) Z R MER I BIRR SR =

i 25 P R AR P 0 7 B3t — 90 B A L R
BRI F A A e WUATUR 750 T DA [ 35 2 TP T EL 4347
EERAMHTT S T2, T3 B T4, AR B AR A P 3 12 A 022 5T b,
NEEHE, 2 5] DA J R A T I R
XL, B, M, C A BINAME ST, AN, 2SI, AR
fetr, U R 00 B 5 R 21— I N
1

Arsy, e = To————1 > ars,c (5-5)
o ’ ’SleB/lezc/‘ CEC//\SESL/,B’,]\/I/,C’
1
U/TSL’,B’,I\/I’,C’ Z Urs,c (5'6)

|SL/7B/’M/,C/| CGC'/\SGSL’,B’,M’,C’

X, Sy oo REWRFEE KM P AEES, Kb L, B, M, C' 73 AR STl
NFHEIK, 22BN A SRR 5 AR &, 00l /e L' C LAL #0, B C BAB #0,
M CMAM #0, WEC' CCAC #0; HTRIWSRBAMAERELR, REES
C' LR Ve e C'ce Cp Am e M, FRRIEHE T ¥ L WES M IRIESIE.
BT L, B,M,CTBEEHINRIERZ, L', B, M, C' & @EMAEHII N CL+
Cx + -+ CN =2V =1 %5, bl E Sy op oo BBUEASAIMCR . T 7E SE
PRIRZR S I B A A & LA EE NS HZAEES, Pl %A s 1EiR
2 c MBIRFES 5Lk, RN 222 A R BIUREER L, WS & HEE N
L' =L,B = {sb}, M = {s.m},C" = {c} , KBRS FELERETEHEN I
S, H, SEENAGHERE CL+0N =N+ 14, &S EELNEE

N:
Ns = (LI + D)(|Bl + )(IC] + 1) + > (IL| + 1)(|B] + 1)(|Cm| + 1) (5-7)

meM
Kb, G 2T m MEREEZIR . Hrb, J— TR SRR T 28 8 M4
& Ja— WARER AN RN REE . DUARSCES 0 8 5 961, |L| = 91,|B| =
6, M| =11,|C| = 219, & EF AR RIEEE N 24 1], WEHMSH 24 4E
A IECEN 318,780 4.

532 B SR HA ik

I, Dy 12— B L A R XS AR IR, RSO ITa NS %54
ARG I BIURBE AR H S A AR M Ay R o FERIL R AR B R E A& N, 4E
WARE 2B AR, R R R AR A RS H RS A &AL
KA 1 —b—m —c BB, BIEARERTEESR 7 ST e NSRG4 2 Bl
HIREIX 4 MEtERE. LEIER A TTRN, SRR ME—RRRE, B4
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5 T 1) KA 22 Je VSl (g MR 15 2L T R

LI, I ALL 7575 S A . B, wFREMA AR 081 5= rhuly, N4t
2 01 it EALR Tl 2R AR A AR F 22l %, HA#N 081— ALL—01— ALL.
NT B T RAL S FRORAH AR B IR, SR A TR AR FIFIH & UR 46
W TS B AR AEAE VUSphere A] #2011 R S8 I EURE A5 .

5.4 AL BT

MRYESS 5.2 R I TR 55 5 B RN, AR 17 8 (A% O EAR R AL 22 4
Rt BT i el ML BT B R ek A AR JE T o IF B BN G 17 Bt A
R BPEZ S Rl RR A — 2845 A K rTAL ieTE 2BL 2 J5 T AR Y R A e B
Je, R R BEAR ISR -G LA A (TLL, T3, ATRRAR et RLIR] I fee B4 A 2 A
SO EdE m. A ERAR . SRR R A EE (T2, T4) N MAAF A
RIS ARG A E S Bl R oA ER RS &7 A28, geit
RN AT LB e R AR T SR B, A 22 ] DUB I TR IS B P AT A4 R AR
A EI . IR, BTSSR KA, B8 & VA AN R R
FE IR, DIUCEERE S T TAE S5, AT MEATIR vt 5 it 7 =R, 8
HERGiE A ZMERNZ A RES R ERR A AR, KR EZ R m i 53078,

R
e s s o p—
B e 1 e T

[T .

[+ o t (] '*A TELFS
- :‘:}:4'“ A 3 TY n i--'- T 838 ia i;u;:i i : E "j 1 IJ I [ |l r} J fl
- eI EEEES IIIIII I! rl—& i J | [ I r I J J

REEL L]

L r - W
A B e

Nogis Summ D, v 2]

B :

[ i Pt | G Pt i e (c) mban P Bt Pt
eptr prEmiree fapmemey by ey S T [ e . — — [ ) o
] P L o -;_-. gl ;e g e i K ¥ a b Ia ol _

N P = ERE — &

- A [T = AL HRE B N Lahae o

ol {/ o soenamm np wmowr w W i ¥ I

-I ~ [ | R Mg 3RS o\ =
.l — — B | e T B T '-.*--._;,-‘; L‘] & |

Kl 5-3 VUSphere Al MLr M RSt AN, Frf (a) Jy2k BRI AR R OME WAL, (b) 9 RRAVE A T
B (o) NERREVERHIMNG, (d) A% T O TEEHR, (o) A2 A VRGN, () Jyxt EALIE

AR FEA BB VUSphere AT AT R 48 = AN R I AT AL BT, BLARJE T 3R
AR R 2 JE ERE AL, BT RE RN Z R TEE LA, DL ST 14T A8 R 1
ZJE IS EEALIA
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5.4.1 BT BkiuA R i) 2 JE VER AL

N T TR AR B (T, T B R R A S 2k 2 A i LA A
oAt it 2RI, AR 20 A 16 DURI B AFAE LU R R B 5, IS 22 2E
Bk, ERUBEL AT B 20/ T B s R A1 23 L e I 4,
Wodle mE SRR L. LR, BR T BTSSR Y S A S A R A, WA 222 1Y
HAt RV, WA, LIbsE, A BEIN S EE, ORI JE P BT BRI
M. Ba, £ R EREBEE RIS, AR e S B A,
17 28 A LA LA

PRI, BExE BRI, AR SCHR Pk BRI A R 0 2 R VERE SRR I e ot
SAZ A kB D ER AR R T A KT AR AR A AR AL 58 i 5, s KRS B 22 28 5 A0
AFHTE DL o HEEARLA WA 5-4(a) s

<— major 1 : major M

North Pole
Upper
Hemisphere
video 2 m
video 1 @@ <—courses:
EEEREERBREAR:
== D e : - Equator
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, total AR ofeach course =
. . D
‘learning center 2/ learning center 1: ' learning center L
batch HIEE 'batch HIE : batch EIE
1 1 e
| batch | batch :! batch
Lower : : H
Hemisphere 2 12 HER
South Pole 1) Vo i (b))  Stdent
Total AR 1 Total AR = 1
(a) MEYEALI S A (b) BEYEALE AP i SR I

5-4 FLTERIAT R V2 J& PR WA B TR e it

N7 EM RIS S AR oL, ASCRE T — AN AR r B = GEER R IE
AP 1 Jeeos A et . OB R 00 R A = 425 (R R s 208 vl e 18 a5
IEAARE A [ FISOT, (EREASCHR HH  eh R R P BRI R T e n B, AV Y ER 1A
P A 2 1) R s 500 A, JE S PR A B AR P P S s B 3 R S o O HL, I8 E
AL 5 I ERC SR i Ul B IS TR, AT AR AL 5 0 XK B e R By
LR RS LU 5 AT UM AL B AR . F3 b, SRS ERIRID 2 X B B e s A AR 3R 1T
AR, (BREE AT WS ER E BRAR R E B HE ek, HItAZiE RN E
VR ¥4 1 e P 5

K 5-4(b) Jrear 1 #s5R ARG R B VAL B BRI O B 4B i s S K, 3REOR 3
FRBHE R R A DUREE s o, JRIE AT woR SRR RO /L AR R AR
o, NREEOR AR A UM R BIBX 3 M R A AR B

WA IR SRR O — AT A AR A R0 BRSTAHIE 7 B P ik

https://en.wikipedia.org/wiki/Mercator_projection
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5 T 1) KA 22 Je VSl (g MR 15 2L T R

Equator Upper Hemisphere
Nrcr>rth Pole
Major 2 video i
course“,xc o,
video 2
u 3 3 video 1
; course 1 |
Major 1 Prasie ] course ¢
course 1 1
(a) Tl AR R AT i it (b) PREERAR AT Ry i

Bl 5-5 PRAE . US4 00 s BRI AR B, JLAb (2) D9 0 2B RERIETHT, (b) b BRI D)

REJT BT RIE W B V4 17 AR 3 S 0 A AEBRTHT (K0 /8 7, PRAE T & L LR S Dy et
BANTTRAPOLE AR, RZUN PRI b, AR LS od, K
FASLREERI 2 Bl A3, 2 LA IR 0 B3 S RN 2R, [F— Bk
HRREAL G A AE AL RS e, 5P BREE T IR LRI HE P o S iR e e 4 1
SIRFEHCR Y 51 7 BORE S URFE A B AR B

il 5-5(a) B, HEF R A ¢ DIRFERIERTHARFRA E o FZERE 6. 73 ) :

e =0 (5-8)
0. =c— (5-9)

Hrep, CAREMBEES . MR PIYERE £, i o 08 0.

SR B AERE S Oy — AP IR LR Bk G . B RSP ERFEE, AU
FIBRARILIE] 5-4(b1) P B RS MU AR IR OBt . T AR A U U e TRRE P
FERIZE L H R TE R AE R, 4% BEALPRAE SRR Y 1 B9 P HES 1 o AR FE B3R R0, 4
K 5-5(b) Bron, 2 ¢ NERFERIER ¢ DU v, WU BUBKTH _E AU ARARE o, RIS 07,
ISk

v .= ] ase 5'10

SOCJ Z2Vmax + gpb ( )
2m

0, = e (5-11)
(O

Hr Vg MRETRIES — 1TREEH BRI R, O IREHRESS. BTE
JRIE W O F R, N TR SES, RSN ops.e WEE. BT
URAE 1T MR T 5 URAE 7 RERAE [F] — e 22k b A1, i AR T IR 2 BE AR R 62,
SIRFEI 2 EEAL KR 6. A

S AR S AP IEVEZ AR M BR O HRSTAHEIR 778, 2241
BPRAR AL 5-4(b2) Fron 105 g B IR S N 7 BRIt o A FH 22 A2 1) 22 2] e 5 N EE AL
U tE, W LR ER s o N2 R, STRE AL W B BRI (R 5E X, R £E X 5
W R oR RN R T B O TR X AT SR R AR X RS BN 21, B RS B S
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Equator

P
/ learning

" learning batch 1

7 center 1

learning T .»"'//,Ilearnin batch 2
center 2 oy ’

learning ™
cener / South Pole Lower Hemisphere

(a) 3T FUD AR A ik i (b) NEA IR %
Bl 5-6 PREE. A 2 A4 M ROHR BRI AR R, JLrb (2) D 0 ZBRERIETHT, (b) R BRI L D) i

OHEE (L) =9 BFERTANEMKREE (B =6), ACHEEITLT5)E
PERLST AR, BN EREK B RS NG B . AR 3 Eal B, il 5-6(a) F11E 5-6(c) it
N RETER LA HULAESE o DRI, HAEERIE B 5 A OB A B o), 5 2R E
ROy N

ase 5-12

Py = 2|B[ + b ( )
2

Oy = 1 (5-13)
|L|

o, B RFAMNEMAIES: LRESHEDPOHES: ap ZEERAEMK
(Y24 56 VS R, 1 T B R D SRR BRI b 2 A S o T
R P X A 128 5 X 1) (9 BR T 2 L 2P X B 0>,y 7 388 G K 7 S0
T 0 DU 2 2 LK T 8 T B G e A R 2 X R M1 o,
Mo = 081, BT 0.87/2, EIHGLE 720 DL - X R 2 B2 A I

R L BT oy, 5 IEAELRIE 0, (UHERE b, T LI — 25 00 2 M e
NP4 252 A 7 TS AT R UCHE D o AR LA, 8 28 1 A2 21 op Do 58
DA NEREKIISE j 42525 s WSTTERRTI EROAARRERIE i, R 65, 5 IA:

aB7T OzB7T

J
s 5-14
27‘(’ 2r
0, =l—+ ) mod N, 5-15

Horpr, N, AERAE— A E XN R — 4 R R AT R g ZHRE 172
ATrBGE A XA L ] 5, ZEACE Sl A T r ol s A X e L ], K
ﬁﬁ%ﬁrwpsy%ﬁ%%i&ﬁZ@%Eﬁ@oﬁTﬁ%ﬁ*ﬁﬁ*ﬁiiiﬁ%
i th 2R XK, ER SRR SR HR R S R 2, HR R AR 5 (5, — 1) <
mazr({Sy}) < 5755 R DKM AT RIS M HHE mm AN %4$7$u
FENFERER b RS2 R, BARZ Wl 117, BEREEEN 3, 5 s 25
A DAAEALSE B B X ANTR] 2 2] A MU ZEHE IR (3 5

i, FETE YT 2 o PR SE AL I (U BRARI , 75 20K BT AL AR L MO B A ARAR 2R, X
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TANEAE SRS o FIZRE 0, 42D AU

x=7r-sinp-cosf
y=r-siny-cosf

Z=7T"-C0S¢
542 HETRAGEENZ BRI

N7 EIREE . SV S oL AR H e A i &l (T.2, T.3, T.4), ARTiit
T Z R VAL AR A B R R N URAR L AR DU AR O IR SR T (R2)
ZALE 4 N THAR R, AFERERE AR (B 5-3(b)), BRFEFEB R (B 5-3(c)), %
AVEREIAR (& 5-3(e)), BALZEIH OGN (B 5-3(d)). X EEAR 73 Al or T HE
ME RGN, SEEEAT. AR A R OMERE RS Z Mgt 4R
Blo BR 7 ARAVEAR AR DAL, oAt % AR 3560 & 2 N FRAE 0T, A SCIEJE 1t 1 A 2
NG R, BARIR:

PSREMR: & 5-3(b) B, AR 4 p B AN 1) S AR5 R DA A AR 1 B PR 2R
MFHZE (T AEEMATAL BT A CHE L, 0 VisSMOOC S5, TR A ik 1
FF HTMLS HR PIRLARE g LAE FH - 258 U0 BAR Y 25

= | [
' ML Coveen Purd |

2003 {70 Bz Pt =1
002 poe

s P! (d) vesen Mag

600

. '
[ . i !
- t, e |

| M EESY P

SO - e g @ o
iE:
k1

8

m
=

[

Bl 5-7 VEAIALE A R FE VRS IR, P (a) MIRFEIAGE R, (b) A% T AR E P& B g N2
LR GE1H AR T UR 4345, (c) NHZ2E LS H) AR AT UR 2046, (d) NERFE &N
AR # K

RAEFBEAMR: MRS HIEA B ERAR (S B A SRR SR AR, 225
Oy PRI =R R PE AR G L Ge it (T.2). Wil 5-7Fr, NS, &
X P JE A E R I RIURA . AR UL A NEOX = A J5 T IR o 2
AFLRIGETT AR, D8 T RoRIX TR ZE S, ASCRAACIRE . Sk BT B 7 ) fe
o AT EREEFH PRI, T RIS R 2 57 K, AR B R B = B
o TR g EGE T R, IR A B DS MR I e (B 5-7(c), Kt
AP RIURA UR BREOE tgiy, JF Bon HEBUEIE NS %

75



(RS PN U e S VAT

(a) 2 ENANTIS000648 | [T |

[+ T mAE = e
I:u:a-lr, ::!E . W . R . T :
wvachis FIRSEAD r“ E . R b

EAN L U AR SSEYW | URELTTN ud it 8 Bl au

(b) 'ms & AR & UR Badas [ Greug Comparsen [ Wwing Cabeadar | G AR & UR Radar
L ) Y _- e (d) 4R & U Racar -
E s
52— g | e
P — - T
E \w

B 5-8 FEAIALE AR, o (a) NEAEREARGEE, (b) NIET AT R ERINIZEES
AU 22 BRI B, (o) AT H IR K M E O, (d) AEE RN R R
AR 5 UR &%

FEFHER: v 72 RRAERMIF A (T.3), ittt 55450
REJAFRIREE . 5 S IR R P A SR I PR AR T I L g o, IR SR AR L B At i
(R4). Wil 5-8(d) Frar, AT REDLAEXS AN AR AR IS 00, A SCR AR A
HEIEEERENRENZRR SR N T B i%?ﬁ%fﬂ%%Z@%
Z5E, AIORIZA S A2 A R A AR AR T 222 2 2 5 L R s e A —
ﬁ%ﬁ%¢,Mﬁ%%F%&N%%%(@&wmo%T%ﬁ%%&&%%ﬂﬁ&¢
WG AL I 18] 22 HE 5 USRI IS 00, #ERT— B vt B2 T B P B 57 ST i [) 23 A7 1
Al B, ASCBE 7RSSR H L K BRI R R B S T R T
BAEIE . Qi 5-8(c) Fn, B HAU A o 5 4 H I 3h 2 B0 0 I s a3
Yo SRR, BeE RS B . 4k, T A iU B0 5 s s B 2
BAFAERE 2, DR A RS I 560 2% B0 0 08 4 P L 2 IR A T AR X M), e
AR I R AN B T4

FIFFERER: ZEARIR S 2 ORI AR, et A
BOX = AN SRR I AR S 5 ge it (T.4). il 5-9(a) #1 (b) iz, £ ANZFHEIR,
K F SSACL TR i AR AR P 5 9 2 PR e 0 22 5 T RO AR AM RS B G vk o B0 254tk
rsfE, SRATIA IR B2 AR ALl BIPR AR AR BRI B A, 2 M IS T it
FetlEgo At s A AR PR R A, AR SOR A b B Ji s 27 2 Al 36 NSt IR R4 A2
W= (B 5-9(c)) o AER I A b AR S 2 A 1R AR bk A = 35 o (1 18 A A 1 ]
E 2R AR A, AN 1 2 A MR AN RIS b, R AR R —
AN S RO AE S R AP AR AR PR B 22 5

543 FTTAT AR R I 2 8 XS EEAL

N T XS AR SR EANER, WU R & IR YEEAN A B R 2257, AR SOt 72T 1AT
AAKR R 2 JE XS EEAL IR (R.3D, MBI, 222, BREE. DA Z2 2] tadX 4 AN J5 i o

76



5 T 1) KA 22 Je VSl (g MR 15 2L T R

B imErapeay Breodma | o Pard L‘_I::.'n Pt

(a) om tweases

W L= Costin Co2a (RS
£l A bravitin FRPRAG
W o e

Ll %
By 1 Beprcn

: /

B iyl frepimen o inadal bert, [l sk pert.
() Batch Mot o 1238 - L2 U8 G2 TEmn - LB AR el L8 (e 8 S

AR et

e
N

LF LT oo
':-dd-nl

o
B % Yol el
0% 150
50 % w08
10% : W
80 % - —— o

Kl 5-9 PRI 22 ST o PERS AR, o () AT ODEARGE R, (b) N T HUE 22 R A U 4y
&L, (c) AFETHAEPIEENEAER AR 2040, (d) NFETHR B AT 28 B A3 N 4t
] AR 1 UR A

MATEAF R 2R (B 5-3(6), X HERLESEAEE 4 DMREE, 2050 B 3k 4 SJ7 T
N1 B B LB /L AR T AN RS s I A L RS A,
FRAT AR — M L, BRI IZ O RO SRR (1B 5-10(a)) - W& 5-10(b) Fir
Ty A R BB 2 A MBI AN S RS 380 AT AR A AR (RS AR ARl

videos & Co earning Centers [ T - T I e

Comparison for students [[MParallel @ Clear ¥ Export Comparann Por sisdenes Tikwaigi 0 Caw B Dspair
Title Total AR Total UR All Op. # Login # View # Forum # Days # Reg # Videos TVideos . Tat ikl Teald® = aE Oy - . L AT
34415000051 0.2921 0.2372 3000 314 752 O 155 329 353 611926

34415000433 0.111 0.1012 3861 165 349 20 120 374 107 203650

34415000268 0.1511 0.1082 1009 &7 386 " 45 375 11 164085

34414000021 0.3227 0.0837 7361 236 4387 23 147 780 325 299565 Ao

34414090222 0.333 0.227 2958 249 1194 6 104 730 300 462121 I.:. .1"_

34414030138 0.5514 0.672 4277 479 2350 6 187 840 623 2144676 y

34414030294 03976 03034 4007 205 2354 23 124 825 552 654572

34414030229 0.1102 0.0376 2161 117 404 17 92 818 125 55354

34415000225 0.0992 0.082 610 57 166 o 33 368 62 126695

34415000442 0.072  0.0484 540 69 167 0 47 237 62 26420

34415090465 0.1084 0.046 1363 161 188 128 82 343 94 90399

34415030052 0.1206 0.0173 2347 106 633 O 53 535 73 19109 \,

34415030053 0.1003 0.062 1167 143 312 '] 100 577 137 194036 -“/' = '\"\,‘; o -|ll

34415030246 0.0901 0.1038 658 73 137 10 28 345 49 23027 Eﬁ‘!f_ e -

34415030266 0.0534 0.059 2491 135 219 o 70 495 59 150759 = —— :‘_ﬁ-—'f .

34415030145 0.1292 0.0674 1662 269 277 129 136 573 112 133757 ¥

(a) Kb HL At (b) KL HL T34 R
Bl 5-10 B F-PATA4bR R I 22 J8 P LU AL

544 X HEIT

MATIR 4 T HTAESS 5 S50 4 TR DUE . 752 F A R B A
WA A tE ol (R4). KL, A T 20N TR RV A HZ I ERE
G B RAR] AR 2

EEEERSMIR. ZEMEMENE (& 5-4@) HET=4RkERMMR, £=
Y73 (A Hh oW = e AR ) TR 2 G, @R BRGNP A (eye point), 2
% 15 (atpoint), MEEIER P& (view-up vector) PAAALEF. mim A ISES%L, Ll
TE =23 (A Fp g G 0600, 55 B 1) 37 2l BB RS sh R G AL R S % i, 42t
T H WS =4 s AL

71



(RS PN U e S VAT

y
i North Pole
MEEIE

1)
A

ik

r x
L1 men
<o U B AL AL 3
z < BURAATE AR TR S
South Pole <> R I 1 R 3

K 5-11 [z 58St A

AR WL BRI B R oK, BEih 7 M E 2% m SR, iU X
I LAVERRTH S RS AEEMEAE. & S-1100R, SEHILS% il E AR O
REEANA, 1. %ML ERE AR PR RAE SRR BERIR: 1D Bt
A RAERKIIPIE LA E . BT 2% flle, 555 mlE AL, EHERIER
M GAERRITHIE ERIALE . BN, W R R B AR AL A (AL
2, FeAHEHN, AT AR AR A AR AL (SREEED . I, D8 TR ARt
PRIRAEER EE AR IE BRI R s, 3 BT m I B s oH B 20 W
PRIRENIBRMEIE AAT A 5275 AR . AR AT R IRSII, WL 5 255 f7 145/
SRR 5225 R [ Rt REE) . W 50 1% TR W] LLIZAS B BRI
HIBEANUREE . REANE 20 Ale DUR AN A AR AR Y 156 DL 7 A o

SIMEIIERER. TS A AR B8 T (BRI, ROy 1 (e it A2 AR
K (R4), BEALE. PEIG AL LS LERL I 2 A0 e sh 25 kB . A8t vt B AR T e
REPRIREVER LA, R He AR . 2257 B, RS AL R0t B T AR
SRRM AR F, EEFEHUETEERIIE AR, AR S s
BLEA AL A s X B P A s R M AT AT A A &8 o B 08l s th 5 F AR P S AL I B 25
RIPK, o Bt I A 9 S AL PR B8 N B O Pl s e e e 34k, EIRAL B S RF
SR TRGESERAE,  F P AT LS PR AL B ) 8 o T AR B DA D AL E T3

5.5 Z 5t

N T V- VUSphere AIAL BT R GEHIA RE S H AL, ASCIETE 1 AR M 45 e
HE AP TR T K P I REBI T XA L K57 LMS REMITF K
PG E B TAE, 14225 7 VUSphere AT RGEHIIHATE. &t 53H
WA, B R RAR T REE N ANE, I BAB RGN EEDNES . W AERSEK
FELL A ST AR AR AT IR R A, WAL ORI 7 AR B3 IR R i 2 A, JF

78



5 T 1) KA 22 Je VSl (g MR 15 2L T R

IR B A2 56 5.2 PR I MTAE S5 7 o =2 I ARAUITUR] AR K. K SIAILASUR FE A
oo PLAARR S A1 5 AR F 2 5

N T BVl RGN A T RIS I S S, AR SCUIR T iR oK, H
=R A AR MGG 0, AIRALRRAARNEE XK. Bk, HTARKRH
BEFIFRMEAISZ RS, AR EENHHBER T VUSphere TIHL 8T R 400 2 ) 6E
550 A, LA UEH RSB IR R B SR 22 AT REAR I A SR
TN Ba, AXUEE S THRAVE TG, BRI 7RO RIBE . ST
5 FTA TN AR B B AT T VR R R, IR e i R % T AL A B
RGBT A B A GO R N B E S A RS IRIEEMEN ZEE .

AR FH AR W 48 208 B8 2013 4E & 2015 FERIAEL S 14T AR g, A
P IR AT VA R . SRR 219 TTERFEM 26,660 LM, 91 4222
HLGTE 6 NMILIR T 80,484 54, DL SOX e =2 AR 7R 28 52 5] P2 A4E 1] 100,359,271 4524 > H
HEHE . NIXLELAE L AT AR RS A E AT AR 5, $5 AR SCEE 5.3 52
RIARATR PR bR AT Sivt o0 #r, 1T A AR, 24 DL & B it R 2IREBE SR HE, 45
TH 45 RARTFEAE MongoDB %4 e+ .

5.5.1 BEARALAIA FIAR

B 5-128018] 5-1373 73 2o R AN 2 A 1) B URZE AT WAL 2 J5 15 3 1 25
o WAL M LE, GURT MBS R B T PSR AR

\ | o3

L
L1

P

L

1!

T
=
N

T

(a) R J 3 (b)

B 5-12 S EARAT B AR AT A F AR S, o (a) AR 0 2 IO HE A R L, (b) A (B TR
XA O IR, (b1) (b2) Al (b3) 2 3 FhH A #E AR HIAL R

B, M EZS % 5 LA R Bt 5 R LA, & 5-12(a) 2
7 1 I AR R B AT AL Y AL AT 21 18 2 AL A A Y 38 0 AT o A AR AR P AE AR B
ERSAE R T TR R B TR, T TURAR 0 A AR T B B4 A0 S 1m) 18] 0
PRELALETIFHS, R REAR - TTEREE . USRS 0 Bt 0 A ] LU,

79



(RS PN U e S VAT

(] 255 AR B E B e, AR 7 MR R R B A o 30— 2D O Y A0 18 )= 5 IX 45
ATCAR B, 070 AU R FH 20 B B LA, BdE: O PURECR D R A
PR RS (B 5-12(01)); 2) BREEBIRT LSRR R RSB (B 5-12(b2)); BLJ
3) PRARH A ) R LE AR AR e (T 5-12(03))

FIR T R RN TSR FF A AT S 3 H Bt gt g5 1, ik
AR FH 2R, — 3B AR FH 2 A s iy o T S MR AU R R 2, ek
WM S S T ERE S K I 8], T2 A7 P F5 2 T, HAseHR i R A T
R 2] o ZIRTHUD By S Ta), KES o A TR G BT A A, 33 1T 1 s R A [ 8
PEFIH ZBAE . B 5-12(b) 7~ LR s F 26 Al e e 1 22 2 AR 265 21 AT
N, G L KA E AR 8 AT R IR S5 m (AR FH 40 A6 T g
W7 S AR A 2] I ot S AR XA R D B ERAE X LR TR B, AT B 52
MG, TSR L RAE, HAERWE 1) LANSE at i T W& E
BRIMAEWE, BEIEFRWE 5% A AT

(a) 1 (b)

K] 5-13 A AR R AR A0, o () A MNAE s S B WAL U, (b) AR EHTE
XA B4R, (b1) AT (b2) & 2 Fh AR 20 A b 2 1) 2 > bR &

R, B 5-13(a) Bon TR S B30 B0 G WA B ML AL . A2 A
TR AR AR TE P T T R, AR XA — A 2 o, TR XN %
B BARE — N NERIK . AT PURBLE ST D A SR IR A, 2 a0 AE
HERERZ . NI, BRI 0T LURIL, #2731 HH O AR FH 2R 7 A B =X
FEEZE R A 2 rhO 2 AR 2R R ANE (B 5-13(b1)), A L8R — 2
(K 5-13(b2))-

AR AN NI R B B 45 BB 2 3T F 0 G T AAUATUR 18 O 40 A A DA SR it L A
FEE B, AR AT RGP AR T A R 7= A T SR T — BB A AR R 4 2] R
OB E GO SUIRL RKER, FEIEFEEOLT A7 2 ol B R 5 AR 1 5 SRS B
Y 2B Z AR, BUE S AR 28 A BAR T T 855 (AR
AR 22 ] B S Bt 1 (e 27 2 HR O I EE S IR 55 im) @, e (AR A . SRR AE L Bhvb
M55 EBSE . IS PTAAL E I B M AR R, I AR OE S B T L AIATUR]

80



5 T 1) KA 22 Je VSl (g MR 15 2L T R

(A BER 22 2 o I E R LRI, TR B AL, Tt S i I o
5.5.2 KIS HIAR X

W25 IR A )57 1l H O 4-6 2], IS R 2-3 4F . ASCHT — &g A
T EAEAE S AT S ST I TR B RORS RS 17 SE R U0 0 B AR 5 > e ) A8 AT
AERE. FIRARE R EVER IR K ISR H I, T BVEE 22 S I )
B XA E SE KIS [B] Y R R AR Ol ] 5-1480R T 4 AN BB 2 R ) AR, 4y
BRI T 4 TP ST I 1] 7 B AR K

TR e (AT T T
et Py P e G T A T

(a) Jﬁjﬁﬁlﬁ?ﬁﬁig (b) Kﬁﬂﬂ@—?"ﬁ

£ i/ ANERREA, EAERE,
(EELEREFTIH  (ITTIIEIIIT]

(o) KHIAL 127~ (d) KAWIEE 52>

2014

2004

k11 L

20N5
mmmwm
l_.
pucms 58
m SnE

2004
wmwn ks
b

I.I
b=

Hi4

2015
Tar M e
www B

2015

K] 5-14 KHHIIAE LR 5 ST I [R) 4 ER AR

Bl 5-14(a) 7R 7 B HERE2: D) RFIE, 22 AR TR S A AT AN 2 ) I 78 5 4 o
1-2 J & ez o], JE R A KRR [ 5-14(b) Bom 1 SR U 22 ST 4R AIE, 1%
SRR R 3], IR H Z T[] R R BAR D K 5-14(c) o 17— Mgl
PHRIR BRI 22 VR AL, 2B R AR DA UL, ER2A KRB A
[BIGES; B 5-14(d) o 7B 2 5L, 252 BMR DAL ], B2k
JEWARD B A 3t — P M 2B B, X 4 Mo Q7R B I ] Y P DA 27 3
DS T IR I, B A A A ST I TR BR UK 2 U AR E Y, (B T RE e Bl A il )
5018 H8 Ty 2 0 v T A R o

AL KRR EIR AT RO 5 2 R KR 2 2 R — B e 1 S AR AR KR
)RR S ) SR RRE DI, B X e A BT RE S S A AR BRI S & s
I T A8 P XURS - AT i) 8 TR AR T R 5 it P R S5 (5 R

5.5.3 ALY A H IR HI A

A A B H B PE L P B2 2T PO PRI TR, 45 & F A SRIRAL I, ATRAEFH
AR 3] Rt R AR PR AT T AR R A, i o s L K o prss S g 2B R
WXL S 22 52 AR R RS K 5-15 85 1 3 DMEAAERMER S

81



(RS PN U e S VAT

(LRI AR 2K

It g Lot _.-"-'F-\L T \ndiwidusl Periormance
] &
ot 9 A
-y .

i = s

i'{:é;gﬁ ==¥ . ; . :
x._\_ b .-_.::__'.'-._:-' -
-r-\_-"z '\f'}:"" ? : r

(a) PUEBA Y a2y 5T Tl I 22 A RS B PR A1

S Pt posai -

(b) TR e ST U B A AR RIS BT M

Irvtnrregionel Enralbrent oy [ pre— Indieadusl Pyrtormancs -
P i W . ]
P L ok ) L]
- -
o .
S Tl a0
™ f'_f_._*-v
1-\ phe ¢ ’ I
o i Pt 1 ‘!':::fﬂ- . '
% il
' i
g

o

(0) ARHA G R ST L AR S S R A
Bl 5-15 AR DX IR 2 5T rhots S22 AR (1 40 AR AT RLAUM) A 2

Kl 5-15(a) JEoR T 0B 3 — o S ily, MBI > T A M AR, [N
ISR R 22 5 B2 B 5-15(b) fon 1R B i) — A2 ol AN AR 2
TAMEYE, (R AR AR R ERA PR ZR, B 5-15() B 7 — D ARE
B FL, BARSMIAEIRSERER L, EAMAEIRY) G 28, AR AR
B G e T e A R P B

RO BER D, SURERIENEE el hL R . A
etk b, AL VR ER D BT A RCR T & 2 2 D i AR A E I E SR O, BT
FAAEFR o 2 2] e (T8 A2 5 T A7 AE ) s BT A A I 2 2 2 5 UK. AR
AT AR BT M B R 22 2 K 2 3] 2 5 45 2 S D I AR AR DA 2 254 T O HK,
BE— BRI TR S RO AR DUV T B IRIE UL K i, 2 S L i
FRA AR YR U BN 3] e TR X, (B A A X 22 B A 2 R KT L
TENLS . B RARSETT B ZE 7, 45 A X B9 N R Bl A AE 22 S 0 T 3 A >
O RFR AR A AE B35 2 R BN, GtEok . TARNL& 2 b X T el 51 2255 K
FOEMIX I ST IIHN, RIS 2 SIAR A T b R R Y 3% AT RE B ANH R SZIX S8R R
SLRFEI, SR AR AR R AT R P A 2 R . AN 5-15 s 1 AT AR R BT DA
B, FA IO I v A b AR I L 5 R0 RE AR (e 0 ) B PR ZR S 1 AN A 2] vl AT
REAFAEFHAE A, e B3RO, UL ZOA Oy B 2 I AR LE 1) 22 7t 5 2 AR LA
I OLAT BE U HE— B PPAl 5 ST b AR AR S8 T R R A 1B R IR 255

82



5 T 1) KA 22 Je VSl (g MR 15 2L T R

5.6 AN

ARFEERE 257 14T N EE AL & AR S AT 9, il 17—k IR A R
Z @R AT, IR T AT BT TR T R R 5 A A AR F A% D
A () VUSphere FJL 73 #2245, 35 B8 % 2K AN 8] RO SR R AN 0 A AR AR 0, B
AR Bl i LS NS 27 TH )70

B, AREER RS MEAE TR A RGBT RN, JERIEEL AT N
A AW E AT A RIRE s, S T BIUREEANR] FH 2248 br R A & 5 AR X R AR A A 7%
BRI S DL, FFR A0 R RIS 2 A () Fe At B 1, 9 s e 1t B AR FH A7 L X L
Mgiieft 7 &AL e, BT RRESMAHE, ARERE 7 —METEREAA RN 28
VEREIR TV, RS E AT A I 5 A2 5 A A% IR S 1 o 3 = 4R BRI AL AR, AN
AN TF) A0 J 7 B4R JR) 30 (R AR AR AR X, [R5 P R SGER  2 NLE], JR R £k
TG Ja8 1 AE AN [ TR AR AR R G it 55 2R Iefm, AEAE R RSB FRER T
WA R, T = AA R R R RBERR 7 2 07 AR B . A
Bl A iSRG, I BT R R B S B S [ E 225 R LR, e RN
I A AN 2 A R AR B oy A X Hosad 45 S E AR, nT b — 20 R R
AR R 2 ) I TR BB DA R o =) ol B AR D 0 A A

DAAS B AJE T N 25 9 A 58 55 1116 Uk R AE 1B PR 23 1 IEEE Conference on Visual An-
alytics Science and Technology (VAST 2018, CCF A ZE<i)), #4 “VUSphere: Visual
Analysis of Video Utilization in Online Distance Education”,

83



(RS PN U e S VAT

6 ZwHREHE

AR EH S B AW U EMANH =, IR R TR A2k S AT B AT L 2 A
ARAAEAFIRZR (1A ik 5 T A s ) 228 B e o

6.1 W TAE 45

A SR RHE L SIAT R B0 R e T EARE e A DA Im Pk . RS
SN RGeS S 5 AT AT I R B RS TR A BT RIS 22 S 1 SRR () AR AT
F AL AT R AT X = AN 5 TH R W 5T, FFIF K T LearnerExp A1 VUSphere 1] #1434
R, FERQF ST

1) BEXTEZ S ST ABER S 4R R R AL PR T AN EE T HUURIFERE A t-SNE B
E A S 5 RAE R T, Bt T 2 MR A TR, R A A
PRI Z LB, AR AT Ao i S AR e w487 S 2 5 R o0 A S
B, AT N E IR BE A AR BAR AR S, R TR SRS T
TEL Y 2 I R ER R A  1F e RN 2244, RIS W SR I T et k7 2] 2 5
FERIFRAR IR SR 9l HIR, ARSCENN i 4E (1) 25 21 2 5 FE B0l e DL 23 B AAARE (R RE A
e T AT -SNE SA R BE4E T AL 0 M 777, IRt 24 R B 5 22 B R4
BUE TR, &5, A TRUEJERARNE, A SON HZ RGO W 2% 57 ) F IE L% 2] H
SEARHATHT, KT ZMARREAS5EE, ot TEL P A SCRRSAE
MG 2 52 AN RO R . DU T A 2 9 A58 5 118 SR R AE [ B
T IEEE Access, 4 “How Learner Support Services Affect Student Engagement in Online
Learning Environments”, [E x>} IEEE International Conference on Advanced Learning
Technologies (ICALT 2018), #’4 “Measuring Student” s Utilization of Video Resources
and its Effect on Academic Performance”, LA [E fx<:18 IEEE International Conference on
e-Business Engineering (ICEBE 2014), #°/4 “Big Log Analysis for e-Learning Ecosystem”.

2) R —WHFi 22 ) S 5 R R Al b, #E— PR T IS 5N P
B DLOR B 27 21 IR (R I PR ARp e, IR FH 2 T AR i 48 I 5% PR A 2 0 A [] B ) A7 2 X
I F RS, MG, A0 TET H AR RS 2 5 8 H AT H
el 4y 2 ST TR) o3 A F, R LK B[] 2 > ok A v () N RS B 5 AR S Ol e, A&
LR AE LR Z VRFE R 2 BRF s, Brt 7 2R ST LA, B R IR AR TR
TS ] A GE S ARL B2 2 M 7 2 il R . 258 EIR TR BT 58 BAR, AU K T
LearnerExp AL HT R G0, IRZR KW > 1 A2 b i 1) B XU . BLZBE FE NS
LR 5 118 SO R R AE E FR2 1 ACM Global Computing Education Conference (CompEd
2019), @ “VUC: Visualizing Daily Video Utilization to Promote Student Engagement in
Online Distance Education”, L [EFx<:1 IEEE Conference on Visual Analytics Science
and Technology Short Paper Track(VAST 2019), @4 “ Visual Analysis of the Time Manage-

84



6 GibHEY

ment of Learning Multiple Courses in Online Learning Environment”; PAA ZEBF 5T 4 25 7 3%
M &M RS, KRAEEPFRE1 The Web Conference 2019 Demonstration Track (WWW
2019), @K “LearnerExp: Exploring and Explaining the Time Management of Online Learn-
ing Activity 7,

3) $RH T 2 R HIARATUR] FH 2848 b F DL &2 AR AR B2 I X007 AE 27 ) I AR R )
R, FEPR —Fh T BRI AT R ) 22 J 1t Hh AT A vt [ B 2 T T AL BTt T K
T RWEREE S A AR FI A 0 73 A1 B PR 73 B 548 VUSphere, 35 B 9% M
AN RBEIR R NG S AR AR AR 0 J FAEURAE . Tl 2220l DL R AEAS NS 2 A
I AT. B, SRt 7 BIURSAIR H ZR 48 A & 2 A0 BRI B U R R 5
TR B, AR R AR BT, s JE YR AR F I LT EE NG TS i T A
fithe SR)5, $&th ¥ — M T BRI ARG R AR G 0 7R, A = A g B P Pl S
B = EBRIRR M, A [FIRL A 7~ B AN J 3 A AR A 2, R] B i B R O B 1)
MK, R & IS E AL A R R F 2R it 45 R . DUBIE 70 A 28 9 2 Al
25 B S R R AL E FRr£ 1 IEEE Conference on Visual Analytics Science and Technology
(VAST 2018, CCF A ZE&1i)), N “VUSphere: Visual Analysis of Video Utilization in
Online Distance Education”,

62 T IT/EEH

ARSCEFRTE S5 AT REE R IURHE4E R =y B ] R G . KR & a8 P G Bk
PIRE G & T 2P A DT VR R A s g AR 1 7 S AT B ORI . RAE AR
E PR TT AT T —E R, ARt — BRI 2 5 ST MR AR R o i
Vr 2 TAEM ot i s 1), F2ZAFECLR LT :

1) BRI A5 EER EE DT AL MR AL, BENFEINE 1E
by W5 A K HAB PRl A S FR bR AR T . MIXEEN A S THEZHES, BT
A FNIR IR Z IR E RGO, 0T B 22 AR 1 7 SPIRS AR T+ 22 S Ui as A AR A .
FIrLL, ARRRGEFRXEE N 2R, R AT A J7 VAR O TAE R AR R 9T .

2) WA IR AT Zk A T ISR Mgttt ot SRMHTEZ%
O, AT RE R EAE SR A TR B B e £ AT A AT, R A ST
T, RGN MR 8 LE AN PR S ) A XA 0T 27 2] 08 AR TR o PRI, AR
W0 TR BRI TAESA b, Sy PR 72 2008 (4 B 1) A 2 XURS 1R

3) HHI LearnerExp 5 VUSphere ] #L53HT 240 RAE N — AL R S i [ #0022
NG, fENH BRI AR S A= AL RS LR, B EHRA. I EHR
GRS RS XEE TSI RE R RIPEME R, B3 E 3B
G L RIS, ARCVE BN T35 Si . DRk, ARSRRE— 2 T
T RFEUIEURIE NS5 RGRE, FRKE R TS 8T 5 50145 21 B0 R0 A0 2 B A
PR BE WAFZ1H

85



(RS PN U e S VAT

2wt

FEA-C -k, HAE-OoT-Eu, W AR A, A AR Al E X BT L
SRR, RS AR, sz, i AR, BEE, HEEFNEA
G5, IR D FEAT, BARBIERIAREAEAT, AR B 0L,
S — NERTCIEIIEIX o B BT LR SRR AT AR 2 B, SR FR I L ik ade v 5
T IR, BRI IR FZEAIR AT, SRR A EAH S AR Byt
A SRR EZ

B R B IR R AR A2 . AEIX-GAR TR, KR LA e Wz W 1) 22 AR R Y D9 3R
fa 5| T RFAT IR T ) S IE RS, DARAIES S 0 55 S/ RO B4 1 AR AL, 14540
FPE R RIS . K2 AL R 8 AR SR, B EE Rl —F —17
SEN R R ARG 308 % BB R RS -AT, XA RAEAR
WEFLAN O NAL S 32 28 HEVR, B2 0l JRAN W 1] B ) B RS 0 o (B I - Beab 2
B, 5 170 KT 2 DT B8 L A o 8 SR R 52 v R B,

FEH RGP E I 0L — B DRSO AR . ER-EEH, —BB8ut . 3%
AL BESMEL BORIUH L AERIR. HZEALRL. BiE. B ARAR, B IHERT.
AR AL A5 S5 5 75 T A e . BUS & —A TAR SRR H G, #A = 0 A5 5
T FEBIANSR G, HIRAEREAT FEMNIH TAE B2 WA, Sogae g, &
PARZ FE NIRRT s BN SO 2 e B e BT . AR 2R iESE
JTEIZE T A B, U R ORI AR AR KHEE . BRIAZIT . PR
REN, Bob A2, ELZI. RgsE2Ih. PRz, H32im. Fezm.
Mg, Heg . R, FLFEZIM, EEXEIM. R Z ARG 3
MLFISFF SRS, B MZIh, 222, BUEEEZh. mNEm. X4EE
Iy SRALGRZIM. ALFEZIN. b2, K200, W R E I A LA
SN 5 A SN B 2 1 SN 1 N o D 95 . M e

S S 5 R A AT SRAHIE A AR TG _E (T B, ORI L ARSI L B
FERITAE . SRASITAE . BREETITOL . BT ST B K SR, ORI BRgE. 1R,
PRRUEL. BISCE. dFE. B UK. SR TEE. W, BB RIS ROL.
IREES EWT L XISCHR. RE = R AR B N R .

ORI AR — B DR 51 SRR %, 1EIRAE R AR R IE R L AEfs %
OEMAT OIS E . RN EN, EFHE AWRF T,

e, AR TA B BN, BURR IR B A e el X A

86



22 3Lk

225 3LHR

[1] Seaton D T, Bergner Y, Chuang I, et al. Who does what in a massive open online course?[J]. Com-
munications of the ACM. April 2014, 57(4):58-65.

[2] Isaac C, Andrew H. HarvardX and MITx: Four Years of Open Online Courses — Fall 2012-Summer
2016[M/OL]. 2016. http://www.ssrn.com/abstract=2889436.

[3] Waldrop M M. Online learning: Campus 2.0[J]. Nature. March 2013, 495(7440):160.

[4] Means B, Anderson K. Expanding Evidence Approaches for Learning in a Digital World[M]. Wash-
ington DC, USA: Office of Educational Technology, US Department of Education, February 2013.

[5] Uchidiuno J, Hammer J, Yarzebinski E, et al. Characterizing ELL Students’ Behavior During MOOC
Videos Using Content Type[C]. Proceedings of the Fourth (2017) ACM Conference on Learning @
Scale. New York, NY, USA: ACM, 2017: 185-188.

[6] ¥ 54T, 5k, e, F5T MOOC B it I 47 N7 i S5 10 [J]. THEHUAT 5 5 K e, 2015,
52(3):614-628.

[7] Baker R S J D, Yacef K. The State of Educational Data Mining in 2009: A Review and Future
Visions[J]. Journal of Educational Data Mining. 2009, 1(1):3-16.

[8] Zhu H, Tian F, Wu K, et al. A multi-constraint learning path recommendation algorithm based on
knowledge map[J]. Knowledge-Based Systems. March 2018, 143:102—114.

[9] Kellogg S. Online learning: How to make a MOOC][J]. Nature. July 2013, 499(7458):369-371.

[10] McAndrew P, Scanlon E. Open Learning at a Distance: Lessons for Struggling MOOCs[J]. Science.
December 2013, 342(6165):1450—-1451.

[11] Guo P J, Kim J, Rubin R. How video production affects student engagement: an empirical study of
MOOC videos[C]. Proceedings of the First (2014) ACM Conference on Learning @ Scale. New
York, NY, USA: ACM Press, 2014: 41-50.

[12] Kim J, Guo P J, Seaton D T, et al. Understanding in-video dropouts and interaction peaks in online
lecture videos[C]. Proceedings of the First (2014) ACM Conference on Learning @ Scale. New York,
NY, USA: ACM, 2014: 31-40.

[13] Sunar A S, White S, Abdullah N A, et al. How Learners’ Interactions Sustain Engagement: A MOOC
Case Study[J]. IEEE Transactions on Learning Technologies. October 2017, 10(4):475-487.

[14] Lu Y, Warren J, Jermaine C, et al. Grading the Graders: Motivating Peer Graders in a MOOCIC].
Proceedings of the 24th International Conference on World Wide Web. Republic and Canton of
Geneva, Switzerland: ACM Press, 2015: 680—690.

[15] Staubitz T, Petrick D, Bauer M, et al. Improving the Peer Assessment Experience on MOOC Plat-
forms[C]. Proceedings of the Third (2016) ACM Conference on Learning @ Scale. New York, NY,
USA: ACM, 2016: 389-398.

[16] Breslow L, Pritchard D E, DeBoer J, et al. Studying Learning in the Worldwide Classroom Research
into edX’s First MOOC]J]. Research & Practice in Assessment. 2013, 8:13-25.

[17] Waldrop M M. Education online: The virtual lab[J]. Nature. July 2013, 499(7458):268.

[18] Shen H. Interactive notebooks: Sharing the code[J]. Nature. November 2014, 515(7525):151.

[19] O’Hara K, Blank D, Marshall J. Computational Notebooks for Al Education[C]. The 28th Interna-
tional Flairs Conference. New York, NY, USA: AIED, April 2015.

87



(RS PN U e S VAT

[20] Kery M B, Radensky M, Arya M, et al. The Story in the Notebook: Exploratory Data Science Using
a Literate Programming Tool[C]. Proceedings of the 2018 CHI Conference on Human Factors in
Computing Systems. New York, NY, USA: ACM, 2018: 174:1-174:11.

[21] Penia-Ayala A. Educational data mining: A survey and a data mining-based analysis of recent
works[J]. Expert Systems with Applications. March 2014, 41(4, Part 1):1432—-1462.

[22] Thomas a J. Visual Analytics[J]. IEEE Computer Graphics and Applications. September 2004, 24
(5):20-21.

(23] fE#, AL —, UM%, KRBT Hresid (7], BAF£4R. 2014, 25(09):1909-1936.

[24] Thomas J J, Cook K A. A visual analytics agenda[J]. IEEE Computer Graphics and Applications.
January 2006, 26(1):10-13.

[25] Wijk J J v. The value of visualization[C]. VIS 05. IEEE Visualization, 2005. New York, NY, USA:
IEEE, October 2005: 79-86.

[26] HHIHE, BRifEAR, el &, — R R R =4 KR T AL R 4t (1], 3RF54. 2016, 27(05):
1140-1150.

[27] R, AR, RA. B2 G TR AL e e 753 (0], THENUR B H S BB 22224k 2019,
31(04):659-667.

(28] SR, B 6, ARESE. [ EL RS 5 H BRI W SKAT AT Ak 70 B [J]. 824k, 2017, 28
(09):2450-2467.

[29] Wu Y, Lan J, Shu X, et al. iTTVis: Interactive Visualization of Table Tennis Data[J]. IEEE Transac-
tions on Visualization and Computer Graphics. January 2018, 24(1):709-718.

[30] Sun G, WuY, Liu S, et al. EvoRiver: Visual Analysis of Topic Coopetition on Social Media[J]. IEEE
Transactions on Visualization and Computer Graphics. December 2014, 20(12):1753—-1762.

[31] 3308, B, JEIaE. 5T OD HdE fRHAAT T #L i [ tH AU BT 5 BB 45
. 2018, 30(06):1023-1033.

[32] Bertini E, Lalanne D. Surveying the Complementary Role of Automatic Data Analysis and Visualiza-
tion in Knowledge Discovery[C]. Proceedings of the ACM SIGKDD Workshop on Visual Analytics
and Knowledge Discovery: Integrating Automated Analysis with Interactive Exploration. New York,
NY, USA: ACM, 2009: 12-20.

[33] Chabot C. Demystifying Visual Analytics[J]. IEEE Computer Graphics and Applications. March
2009, 29(2):84-87.

[34] Chang R, Ziemkiewicz C, Green T M, et al. Defining Insight for Visual Analytics[J]. IEEE Computer
Graphics and Applications. March 2009, 29(2):14-17.

[35] Keim D, Kohlhammer J, Ellis G, et al. Mastering the Information Age Solving Problems with Visual
Analytics[M]. Goslar, Germany: Eurographics Association, 2010.

[36] Shneiderman B. The eyes have it: a task by data type taxonomy for information visualizations[C].
Proceedings 1996 IEEE Symposium on Visual Languages. New York, NY, USA: IEEE, September
1996: 336-343.

[37] YiJ S, Kang Y a, Stasko J. Toward a Deeper Understanding of the Role of Interaction in Information
Visualization[J]. IEEE Transactions on Visualization and Computer Graphics. November 2007, 13
(6):1224-1231.

[38] Fekete ] D, Wijk J J v, Stasko J T, et al. The Value of Information Visualization[C]. IEEE Symposium
on Information Visualization, 2008. InfoVis 2008. New York, NY, USA: IEEE, 2008: 1-18.

88



22 3Lk

[39] Keim D, Andrienko G, Fekete J D, et al. Lecture Notes in Computer Science Visual Analytics:
Definition, Process, and Challenges[M]. Berlin, Heidelberg: Springer Berlin Heidelberg, 2008: 154—
175.

[40] Liu S, Maljovec D, Wang B, et al. Visualizing High-Dimensional Data: Advances in the Past
Decade[J]. IEEE Transactions on Visualization and Computer Graphics. March 2017, 23(3):1249—
1268.

[41] Sorzano C O S, Vargas J, Montano A P. A survey of dimensionality reduction techniques[J].
arXiv:1403.2877 [cs, g-bio, stat]. March 2014.

[42] Cockburn A, Karlson A, Bederson B B. A Review of Overview+Detail, Zooming, and Focus+Context
Interfaces[J]. ACM Comput. Surv. January 2009, 41(1):2:1-2:31.

[43] Zhao X, Wu Y, Cui W, et al. SkyLens: Visual Analysis of Skyline on Multi-dimensional Data[J].
IEEE Transactions on Visualization and Computer Graphics. 2017, PP(99):1-10.

[44] LeeJH, McDonnell K T, Zelenyuk A, et al. A Structure-Based Distance Metric for High-Dimensional
Space Exploration with Multidimensional Scaling[J]. IEEE Transactions on Visualization and Com-
puter Graphics. March 2014, 20(3):351-364.

[45] Wei J, Shen Z, Sundaresan N, et al. Visual cluster exploration of web clickstream data[C]. 2012
IEEE Conference on Visual Analytics Science and Technology (VAST). New York, NY, USA: IEEE,
October 2012: 3-12.

[46] Sucontphunt T, Yuan X, Li Q, et al. A Novel Visualization System for Expressive Facial Motion Data
Exploration[C]. 2008 IEEE Pacific Visualization Symposium. New York, NY, USA: IEEE, March
2008: 103-1009.

[47] LiLY, Tsai C C. Accessing online learning material: Quantitative behavior patterns and their effects
on motivation and learning performance[J]. Computers & Education. November 2017, 114:286-297.

[48] Cerezo R, Sanchez-Santillan M, Paule-Ruiz M P, et al. Students’ LMS interaction patterns and their
relationship with achievement: A case study in higher education[J]. Computers & Education. 2016,
96:42-54.

[49] BRJy, PRI, E Tl M. dbst, o By Tl AL, 2013.

[50] Heer J, Kong N, Agrawala M. Sizing the horizon: The effects of chart size and layering on the
graphical perception of time series visualizations[C]. In Proc. ACM Human Factors in Computing
Systems (CHI. New York, NY, USA: ACM, 2009: 1303-1312.

[51] Shen Z, Ma K. MobiVis: A Visualization System for Exploring Mobile Data[C]. 2008 IEEE Pacific
Visualization Symposium. New York, NY, USA: IEEE, March 2008: 175-182.

[52] Woodring J, Shen H. Multiscale Time Activity Data Exploration via Temporal Clustering Visualiza-
tion Spreadsheet[J]. IEEE Transactions on Visualization and Computer Graphics. January 2009, 15
(1):123-137.

[53] Qu H, Chen Q. Visual Analytics for MOOC Data[J]. IEEE Computer Graphics and Applications.
November 2015, 35(6):69-75.

[54] Zhao J, Bhatt C, Cooper M, et al. Flexible Learning with Semantic Visual Exploration and Sequence-
Based Recommendation of MOOC Videos[C]. Proceedings of the 2018 CHI Conference on Human
Factors in Computing Systems. New York, NY, USA: ACM, 2018: 329:1-329:13.

[55] Chen Q, Yue X, Plantaz X, et al. ViSeq: Visual Analytics of Learning Sequence in Massive Open
Online Courses[J]. IEEE Transactions on Visualization and Computer Graphics. 2018, 1-1.

[56] Fu S, Wang Y, Yang Y, et al. VisForum: A Visual Analysis System for Exploring User Groups in
Online Forums[J]. ACM Trans. Interact. Intell. Syst. February 2018, 8(1):3:1-3:21.

89



(RS PN U e S VAT

[57] Meng X, Mingfei S, Huan W, et al. PeerLens: Peer-inspired Interactive Learning Path Planning in
Online Question Pool[C]. ACM CHI Conference on Human Factors in Computing Systems. New
York, NY, USA: ACM, 2019: 51-60.

[58] Munzner T. A Nested Model for Visualization Design and Validation[J]. IEEE Transactions on
Visualization and Computer Graphics. November 2009, 15(6):921-928.

[59] BRI, SREE. — i T-4E TR 0 2 E80 H S rT AL 2 M 7532 (0], H AL Bh it 5 B 2
2241, 2018, 30(04):592—601.

[60] EAERE, SRALH, kAEAE. — Mk T2 (8] R 2K R FOAH SR M RTRR Z0 # 07 4% (D). AL Bl
5 EE 2R, 2016, 28(11):1855-1862.

[61] Hohman F M, Kahng M, Pienta R, et al. Visual Analytics in Deep Learning: An Interrogative Survey
for the Next Frontiers[J]. IEEE Transactions on Visualization and Computer Graphics. 2018, 1-10.

[62] Guyon I, Elisseeff A. An introduction to variable and feature selection[J]. Journal of Machine Learn-
ing Research. 2003, 3(7-8):1157-1182.

[63] Lee C, Lee G G. Information gain and divergence-based feature selection for machine learning-based
text categorization[J]. Information Processing & Management. January 2006, 42(1):155-165.

[64] Kohavi R, John G H. Wrappers for feature subset selection[J]. Artificial Intelligence. December
1997, 97(1):273-324.

[65] Joksimovi¢ S, Gasevi¢ D, Loughin T M, et al. Learning at distance: Effects of interaction traces on
academic achievement[J]. Computers & Education. September 2015, 87:204-217.

[66] Jolliffe I T. Springer Series in Statistics Principal Component AnalysisiM]. 2nd ed. New York:
Springer-Verlag, 2002.

[67] Maaten L v d, Hinton G. Visualizing Data using t-SNE[J]. Journal of Machine Learning Research.
2008, 9(Nov):2579-2605.

[68] Maaten L v d. Accelerating t-SNE using Tree-Based Algorithms[J]. Journal of Machine Learning
Research. 2014, 15:3221-3245.

[69] Rauber P E, Falcdo A X, Telea A C. Visualizing Time-Dependent Data Using Dynamic t-SNE[C].
Eurographics Conference on Visualization (EuroVis) 2016. New York, NY, USA: IEEE, 2016.

[70] Linderman G C, Rachh M, Hoskins J G, et al. Fast interpolation-based t-SNE for improved visual-
ization of single-cell RNA-seq data[J]. Nature Methods. March 2019, 16(3):243.

[71] Tatu A, Maal} F, Farber I, et al. Subspace search and visualization to make sense of alternative
clusterings in high-dimensional data[C]. 2012 IEEE Conference on Visual Analytics Science and
Technology (VAST). New York, NY, USA: IEEE, October 2012: 63-72.

[72] Huang Z, Lu Y, Mack E, et al. Exploring the Sensitivity of Choropleths under Attribute Uncertainty[J].
IEEE Transactions on Visualization and Computer Graphics. 2019, 1-1.

[73] Heimerl F, John M, Han Q, et al. DocuCompass: Effective exploration of document landscapes[C].
2016 IEEE Conference on Visual Analytics Science and Technology (VAST). New York, NY, USA:
IEEE, October 2016: 11-20.

[74] Shen Z, Wei J, Sundaresan N, et al. Visual analysis of massive web session data[C]. IEEE Symposium
on Large Data Analysis and Visualization (LDAV). New York, NY, USA: IEEE, October 2012: 65—
72.

[75] Kabulov B T, Tashpulatova N B. Enhanced Chernoff faces[C]. 2010 4th International Conference on
Application of Information and Communication Technologies. Berlin, Germany: Springer, October
2010: 1-4.

90



22 3Lk

[76] Dang T N, Anand A, Wilkinson L. TimeSeer: Scagnostics for High-Dimensional Time Series[J].
IEEE Transactions on Visualization and Computer Graphics. March 2013, 19(3):470-483.

[771 Wu T, Yao Y, Duan Y, et al. NetworkSeer: Visual analysis for social network in MOOCs[C]. 2016
IEEE Pacific Visualization Symposium (PacificVis). New York, NY, USA: IEEE, April 2016: 194—
198.

[78] AlboY, Lanir J, Bak P, et al. Off the Radar: Comparative Evaluation of Radial Visualization Solutions
for Composite Indicators[J]. IEEE Transactions on Visualization and Computer Graphics. January
2016, 22(1):569-578.

[79] Palmas G, Bachynskyi M, Oulasvirta A, et al. An Edge-Bundling Layout for Interactive Parallel
Coordinates[C]. 2014 IEEE Pacific Visualization Symposium. New York, NY, USA: IEEE, March
2014: 57-64.

[80] Holten D. Hierarchical Edge Bundles: Visualization of Adjacency Relations in Hierarchical Data[J].
IEEE Transactions on Visualization and Computer Graphics. September 2006, 12(5):741-748.

[81] Aigner W, Miksch S, Miiller W, et al. Visualizing time-oriented data—A systematic view[J]. Com-
puters & Graphics. June 2007, 31(3):401-409.

[82] Aigner W, Miksch S, Miiller W, et al. Visual Methods for Analyzing Time-Oriented Data[J]. IEEE
Transactions on Visualization and Computer Graphics. January 2008, 14(1):47-60.

[83] Sun G D, Wu Y C, Liang R H, et al. A Survey of Visual Analytics Techniques and Applications:
State-of-the-Art Research and Future Challenges[J]. Journal of Computer Science and Technology.
September 2013, 28(5):852-867.

[84] Daniel Rosenberg. Joseph Priestley and the Graphic Invention of Modern Time[J]. Studies Inghteenth
Century Culture. 2007, 36(1):55-103.

[85] Javed W, McDonnel B, Elmqvist N. Graphical Perception of Multiple Time Series[J]. IEEE Trans-
actions on Visualization and Computer Graphics. November 2010, 16(6):927-934.

[86] Tamara Munzner. Visualization Analysis & Design[M]. Boca Raton: Taylor & Francis Group, 2014.

[87] Liu S, Zhou M X, Pan S, et al. TIARA: Interactive, Topic-Based Visual Text Summarization and
Analysis[J]. ACM Trans. Intell. Syst. Technol. February 2012, 3(2):25:1-25:28.

[88] Luo X, Wang H, Tian F, et al. ProcessLine: Visualizing time-series data in process industry[C]. 2009
IEEE Symposium on Visual Analytics Science and Technology. New York, NY, USA: IEEE, October
2009: 231-232.

[89] Xie C, Chen W, Huang X, et al. VAET: A Visual Analytics Approach for E-Transactions Time-
Series[J]. IEEE Transactions on Visualization and Computer Graphics. December 2014, 20(12):
1743-1752.

[90] Rind A, Lammarsch T, Aigner W, et al. TimeBench: A Data Model and Software Library for Visual
Analytics of Time-Oriented Data[J]. IEEE Transactions on Visualization and Computer Graphics.
December 2013, 19(12):2247-2256.

[91] Krstajic M, Bertini E, Keim D. CloudLines: Compact Display of Event Episodes in Multiple Time-
Series[J]. IEEE Transactions on Visualization and Computer Graphics. December 2011, 17(12):

2432-2439.
[92] BB, ERL T2 200 AR RIS i e BuE v A4 [J]. B2 2016, 27(05):
1188-1198.

[93] Holtz S, Valle G, Howard J, et al. Visualization and pattern identification in large scale time series
data[C]. 2011 IEEE Symposium on Large Data Analysis and Visualization. New York, NY, USA:
IEEE, October 2011: 129-130.

91



(RS PN U e S VAT

[94] Carlis J V, Konstan J A. Interactive Visualization of Serial Periodic Data[C]. Proceedings of the 11th
Annual ACM Symposium on User Interface Software and Technology. New York, NY, USA: ACM,
1998: 29-38.

[95] Weber M, Alexa M, Muller W. Visualizing time-series on spirals[C]. IEEE Symposium on Informa-
tion Visualization, 2001. InfoVis 2001. New York, NY, USA: IEEE, October 2001: 7—13.

[96] Lin J, Keogh E, Lonardi S. Visualizing and Discovering Non-Trivial Patterns in Large Time Series
Databases[J]. Information Visualization. June 2005, 4(2):61-82.

[97] Walker J, Borgo R, Jones M W. TimeNotes: A Study on Effective Chart Visualization and Interaction
Techniques for Time-Series Data[J]. IEEE Transactions on Visualization and Computer Graphics.
January 2016, 22(1):549-558.

(98] e BJR, B, ™5 755, ST 2 YR 2 HeE AL A G i o b (0], THENLE B it
HE22E4R. 2019, 31(02):241-255.

[99] WijkJ ]V, Selow E R V. Cluster and calendar based visualization of time series data[C]. Proceedings
1999 IEEE Symposium on Information Visualization (InfoVis’99). New York, NY, USA: IEEE,
October 1999: 4-9.

[100] Bederson B B, Clamage A, Czerwinski M P, et al. DateLens: A Fisheye Calendar Interface for
PDAs[J]. ACM Trans. Comput.-Hum. Interact. March 2004, 11(1):90-119.

[101] McNutt M. Bricks and MOOCs[J]. Science. October 2013, 342(6157):402—402.

[102] Reich J. Rebooting MOOC Research[J]. Science. January 2015, 347(6217):34-35.

[103] Dernoncourt F, Taylor C, Veeramachaneni K, et al. MoocViz: A Large Scale, Open Access, Col-
laborative, Data Analytics Platform for MOOCs[C]. NIPS 2013 Education Workshop. Cambridge,
Massachusetts, USA: MIT Press, November 2013: 159-166.

[104] Vieira C, Parsons P, Byrd V. Visual learning analytics of educational data: A systematic literature
review and research agenda[J]. Computers & Education. July 2018, 122:119-135.

[105] Romero C, Ventura S. Educational data mining: A survey from 1995 to 2005[J]. Expert Systems with
Applications. July 2007, 33(1):135-146.

[106] Papamitsiou Z, Economides A A. Learning Analytics and Educational Data Mining in Practice: A
Systematic Literature Review of Empirical Evidence[J]. Journal of Educational Technology & Soci-
ety. 2014, 17(4):49-64.

[107] Dutt A, Ismail M A, Herawan T. A Systematic Review on Educational Data Mining[J]. IEEE Access.
2017, 5:15991-16005.

[108] Phan T, McNeil S G, Robin B R. Students’ Patterns of Engagement and Course Performance in a
Massive Open Online Course[J]. Computers & Education. December 2015, 29-42.

[109] Kahan T, Soffer T, Nachmias R. Types of Participant Behavior in a Massive Open Online Coursel[J].
The International Review of Research in Open and Distributed Learning. September 2017, 18(6).

[110] Howard S K, Ma J, Yang J. Student rules: Exploring patterns of students’ computer-efficacy and
engagement with digital technologies in learning[J]. Computers & Education. 2016, 101:29—42.

[111] Henrie C R, Bodily R, Larsen R, et al. Exploring the potential of LMS log data as a proxy measure
of student engagement[J]. Journal of Computing in Higher Education. August 2018, 30(2):344-362.

[112] Knobloch J, Kaltenbach J, Bruegge B. Increasing Student Engagement in Higher Education Using a
Context-aware Q&A Teaching Framework[C]. Proceedings of the 40th International Conference on
Software Engineering: Software Engineering Education and Training. New York, NY, USA: ACM,
2018: 136-145.

92



22 3Lk

[113] Mahzoon M J, Maher M L, Eltayeby O, et al. A Sequence Data Model for Analyzing Temporal
Patterns of Student Data[J]. Journal of Learning Analytics. April 2018, 5(1):55-74.

[114] Kalyan V, Franck D, Colin T, et al. MOOCdb: Developing Data Standards for MOOC Data Sci-
ence[C]. 16th International Conference, AIED 2013, Memphis, TN, USA, July 9-13, 2013. Proceed-
ings. New York, NY, USA: AIED, 2013: 17.

[115] Van der Sluis F, Ginn J, Van der Zee T. Explaining Student Behavior at Scale: The Influence of Video
Complexity on Student Dwelling Time[C]. Proceedings of the Third (2016) ACM Conference on
Learning @ Scale. New York, NY, USA: ACM, 2016: 51-60.

[116] Coffrin C, Corrin L, de Barba P, et al. Visualizing Patterns of Student Engagement and Performance in
MOOCs[C]. Proceedings of the Fourth International Conference on Learning Analytics And Knowl-
edge. New York, NY, USA: ACM, 2014: 83-92.

[117] Auvinen T, Hakulinen L, Malmi L. Increasing Students’ Awareness of Their Behavior in Online
Learning Environments with Visualizations and Achievement Badges[J]. IEEE Transactions on
Learning Technologies. July 2015, 8(3):261-273.

[118] ShiC, FuS, Chen Q, et al. VisMOOC: Visualizing video clickstream data from Massive Open Online
Courses[C]. 2015 IEEE Pacific Visualization Symposium (PacificVis). New York, NY, USA: IEEE,
April 2015: 159-166.

[119] Chen Q, Chen Y, Liu D, et al. PeakVizor: Visual Analytics of Peaks in Video Clickstreams from Mas-
sive Open Online Courses[J]. IEEE Transactions on Visualization and Computer Graphics. October
2016, 22(10):2315-2330.

[120] Cooper M, Zhao J, Bhatt C, et al. MOOCex: Exploring Educational Video via Recommendation[C].
Proceedings of the 2018 ACM on International Conference on Multimedia Retrieval. New York, NY,
USA: ACM, 2018: 521-524.

[121] Chen C M, Wu C H. Effects of different video lecture types on sustained attention, emotion, cognitive
load, and learning performance[J]. Computers & Education. 2015, 80:108—-121.

[122] Sung CY, Huang X Y, Shen Y, et al. Exploring Online Learners’ Interactive Dynamics by Visually
Analyzing Their Time-anchored Comments[J]. Computer Graphics Forum. October 2017, 36(7):
145-155.

[123] Fu S, Zhao J, Cui W, et al. Visual Analysis of MOOC Forums with iForum[J]. IEEE Transactions on
Visualization and Computer Graphics. January 2017, 23(1):201-210.

[124] WongJ S, Zhang X L. MessageLens: A Visual Analytics System to Support Multifaceted Exploration
of MOOC Forum Discussions[J]. Visual Informatics. March 2018, 2(1):37-49.

[125] Atapattu T, Falkner K, Tarmazdi H. Topic-Wise Classification of MOOC Discussions: A Visual
Analytics Approach[C]. Proceedings of the 9th International Educational Data Mining Society. New
York, NY, USA: EDM, 2016.

[126] Chen Y, Chen Q, Zhao M, et al. DropoutSeer: Visualizing learning patterns in Massive Open Online
Courses for dropout reasoning and prediction[C]. 2016 IEEE Conference on Visual Analytics Science
and Technology (VAST). New York, NY, USA: IEEE, October 2016: 111-120.

[127] Pardos Z A, Kao K. moocRP: An Open-source Analytics Platform[C]. Proceedings of the Second
(2015) ACM Conference on Learning @ Scale. New York, NY, USA: ACM Press, 2015: 103-110.

[128] LR, w77, Bl s, 2 AR R GUHE R ME TR R 5 08 (1] T EEHLA I
Wit 5EEF2E4. 2018, 30(01):44-56.

[129] Kizilcec R F, Saltarelli A J, Reich J, et al. Closing global achievement gaps in MOOCs[J]. Science.
January 2017, 355(6322):251-252.

93



(RS PN U e S VAT

[130] Bote-Lorenzo M L, Gomez-Sanchez E. Predicting the Decrease of Engagement Indicators in a
MOOCIC]. Proceedings of the Seventh International Learning Analytics & Knowledge Conference.
New York, NY, USA: ACM, 2017: 143-147.

[131] Stamper J, Koedinger K, Baker R S J d, et al. PSLC DataShop: A Data Analysis Service for the
Learning Science Community[C]// Aleven V, Kay J, Mostow J. Intelligent Tutoring Systems. Berlin,
Germany: Springer Berlin Heidelberg, 2010: 455—455.

[132] Fenu G, Marras M, Meles M. A Learning Analytics Tool for Usability Assessment in Moodle Envi-
ronments[J]. Journal of e-Learning and Knowledge Society. September 2017, 13(3).

[133] Lampietti V, Roy A, Barnes S. Managing and Analyzing Student Learning Data: A Python-based
Solution for edX[C]. Proceedings of the Fifth Annual ACM Conference on Learning at Scale. New
York, NY, USA: ACM, 2018: 48:1-48:2.

[134] John L. Hennessy, David A. Patterson. Computer Architecture: A Quantitative Approach 5th Edi-
tion[M]. Amsterdam: Morgan Kaufmann, September 2011.

[135] Hew K F. Promoting engagement in online courses: What strategies can we learn from three highly
rated MOOCS][J]. British Journal of Educational Technology. 2015, 320-341.

[136] Fredricks J A, Blumenfeld P C, Paris A H. School Engagement: Potential of the Concept, State of
the Evidence[J]. Review of Educational Research. March 2004, 74(1):59-109.

[137] Bradford G, Wyatt S. Online learning and student satisfaction: Academic standing, ethnicity and their
influence on facilitated learning, engagement, and information fluency[J]. The Internet and Higher
Education. 2010, 13(3):108-114.

[138] Appleton J J, Christenson S L, Furlong M J. Student engagement with school: Critical conceptual
and methodological issues of the construct[J]. Psychology in the Schools. May 2008, 45(5):369-386.

[139] Singh V, Padmanabhan B, de Vreede T, et al. A Content Engagement Score for Online Learning
Platforms[C]. Proceedings of the Fifth Annual ACM Conference on Learning at Scale. New York,
NY, USA: ACM, 2018: 25:1-25:4.

[140] Henrie C R, Halverson L R, Graham C R. Measuring student engagement in technology-mediated
learning: A review[J]. Computers & Education. December 2015, 90:36-53.

[141] Pedregosa F, Varoquaux G, Gramfort A, et al. Scikit-learn: Machine Learning in Python[J]. Journal
of Machine Learning Research. October 2011, 12:2825-2830.

[142] MOOCs@Edinburgh Group. MOOCs @ Edinburgh 2013 -Report #1[M/OL]. May 2013. https:
//www.era.lib.ed.ac.uk/handle/1842/6683.

[143] Schulz M, Stamov RoBnagel C. Informal workplace learning: An exploration of age differences in
learning competence[J]. Learning and Instruction. 2010, 20(5):383-399.

[144] Gu J, Churchill D, Lu J. Mobile Web 2.0 in the workplace: A case study of employees’ informal
learning[J]. British Journal of Educational Technology. 2014, 45(6):1049—1059.

[145] Dvorak T, Jia M. Online Work Habits and Academic Performance[J]. Journal of Learning Analytics.
December 2016, 3(3):318-330.

[146] Broadbent J, Poon W L. Self-regulated learning strategies & academic achievement in online higher
education learning environments: A systematic review[J]. The Internet and Higher Education. 2015,
27:1-13.

[147] Park J, Yu R, Rodriguez F. Understanding Student Procrastination via Mixture Models[C]. Proceed-
ings of the 11th International Conference on Educational Data Mining. New York, NY, USA: EDM,
2018: 1-11.

94



22 3Lk

[148] You J W. Identifying significant indicators using LMS data to predict course achievement in online
learning[J]. The Internet and Higher Education. April 2016, 29:23-30.

[149] Kizilcec R F, Pérez-Sanagustin M, Maldonado J J. Self-regulated learning strategies predict learner
behavior and goal attainment in Massive Open Online Courses[J]. Computers & Education. January
2017, 104:18-33.

[150] Kim D, Yoon M, Jo I H, et al. Learning analytics to support self-regulated learning in asynchronous
online courses: A case study at a women’s university in South Korea[J]. Computers & Education.
December 2018, 127:233-251.

[151] Kizilcec R F, Pérez-Sanagustin M, Maldonado J J. Recommending Self-Regulated Learning Strategies
Does Not Improve Performance in a MOOC[C]. Proceedings of the Third (2016) ACM Conference
on Learning @ Scale. New York, NY, USA: ACM, 2016: 101-104.

[152] Mei J. Learning Management System Calendar Reminders and Effects on Time Management and
Academic Performance[J]. International Research and Review. 2016, 6(1):29-45.

[153] Ilves K, Leinonen J, Hellas A. Supporting Self-Regulated Learning with Visualizations in Online
Learning Environments[C]. Proceedings of the 49th ACM Technical Symposium on Computer Sci-
ence Education. New York, NY, USA: ACM, 2018: 257-262.

[154] Davis D R, AbbittJ T. An Investigation of the Impact of an Intervention to Reduce Academic Procras-
tination Using Short Message Service (SMS) Technology[J]. Journal of Interactive Online Learning.
2013, 12(3):78-102.

[155] Kim S, Malik S, Lipka N, et al. WimNet: Vision Search for Web Logs[C]. Proceedings of the
26th International Conference on World Wide Web Companion. Republic and Canton of Geneva,
Switzerland: International World Wide Web Conferences Steering Committee, 2017: 803—-804.

[156] Michael Keith, Tom Craver. The Ultimate Perpetual Calendar?[J]. Journal of Recreational Mathe-
matics. 1990, 22(4):280-282.

[157] Dobrian F, Awan A, Joseph D, et al. Understanding the Impact of Video Quality on User Engage-
ment[J]. Commun. ACM. March 2013, 56(3):91-99.

[158] MacHardy Z, Pardos Z A. Toward the Evaluation of Educational Videos using Bayesian Knowledge
Tracing and Big Data[C]. Proceedings of the Second (2015) ACM Conference on Learning @ Scale.
New York, NY, USA: ACM, 2015: 347-350.

[159] Gardner J, Brooks C. Dropout Model Evaluation in MOOCs[C]. Thirty-Second AAAI Conference
on Artificial Intelligence. New York, NY, USA: AAAI April 2018.

[160] Jos Dirksen. Learning Three.js: The JavaScript 3D Library for WebGL - Second Edition[M]. Birm-
ingham, UK: Packt Publishing, 2015.

95



(RS PN U e S VAT

Tz 39 1A FUAS T 78 R

A NAEBEEE A A T S AR FERER . Herp o B AR I 11 RS,
FARE BRI 8 F. CfBUE ORI R RS — 24 2 01, HoR 4 T,

[1] Huan He, Qinghua Zheng, and Bo Dong. VUSphere: Visual Analysis of Video Utilization in Online
Distance Education [C]. IEEE Conference on Visual Analytics Science and Technology 2018 (VAST
2018), Berlin, Germany, Oct 21-26, 2018 (CCF A K&, B3xH)

[2] Huan He, Qinghua Zheng, Dehai Di and Bo Dong. How Learner Support Services Affect Student En-
gagement in Online Learning Environment [J]. IEEE Access, 2019, 7: 49961 - 49973 (SCI: 000466757700001)

[3] Huan He, Bo Dong, Qinghua Zheng, Dehai Di and Yating Lin. Visual Analysis of the Time Manage-
ment of Learning Multiple Courses in Online Learning Environment [C]. IEEE Conference on Visual
Analytics Science and Technology 2019 Short Paper Track (VAST 2019), Vancouver, BC Canada, Oct
20-25,2019 (CCF A KWL, OxH)

[4] Huan He, Qinghua Zheng, and Bo Dong. LearnerExp: Exploring and Explaining the Time Manage-
ment of Online Learning Activity [C]. The Web Conference 2019 Demonstration Track (WWW 2019),
San Francisco, CA USA, May 13-17, 2019 (CCF A 254> Demo 3, EI: 20192407027811)

[5] Huan He, Qinghua Zheng, Bo Dong, and Guobin Li. VUC: Visualizing Daily Video Utilization to
Promote Student Engagement in Online Distance Education [C]. ACM Global Computing Education
Conference (CompEd 2019), Chengdu, China, May 17-19, 2019 (EI: 201921069664 16)

[6] Huan He, Qinghua Zheng, Bo Dong and Hongchao Yu. Measuring Student’s Utilization of Video Re-
sources and its Effect on Academic Performance [C]. Proceedings of IEEE 18th International Confer-
ence on Advanced Learning Technologies (ICALT 2018), Mumbai, India, Jul 9-13, 2018, pp. 196-198
(EI: 20183605769536)

[7] Huan He, Qinghua Zheng, Rui Li, and Bo Dong. Using Face Recognition to Detect ”Ghost Writer”
Cheating in Examination [C]. The 12th International Conference on E-learning and Games (Edutain-
ment 2018), Xi’an, China, June 28-30, 2018 (Best Paper Award Honorable Mention)

[8] Qinghua Zheng, Huan He, Tian Ma, Ni Xue, Bing Li, Bo Dong. Big Log Analysis for e-Learning
Ecosystem [C].Proceedings of IEEE 11th International Conference on e-Business Engineering (ICEBE
2014), Guangzhou, China, pp. 258-263, 2014 (EI: 20150300423652)

[9] Hongchao Yu, Huan He, Qinghua Zheng, and Bo Dong. TaxVis: A Visual System for Detecting Tax
Evasion Group [C]. The Web Conference 2019 Demonstration Track (WWW 2019), San Francisco,
CA USA, May 13-17, 2019 (CCF A 543 Demo 1©3C, EI:20192407027829)

[10] Qinghua Zheng, Yating Lin, Huan He, Jianfei Ruan, and Bo Dong. ATTENet: Detecting and Explain-
ing Suspicious Tax Evasion Group [C]. The 28th International Joint Conference on Artificial Intelli-
gence Demonstration Track (IJCAI 2019), Macao, China, August 10-16, 2019 (CCF A 2821} Demo
W, txrH)

[11] Ni Xue, Huan He, Jun Liu, Qinghua Zheng, Tian Ma, Jianfei Ruan, and Bo Dong. Probabilistic Mod-
eling Towards Understanding the Power Law Distribution of Video Viewing Behavior in Large-Scale
e-Learning [C]. 2015 IEEE TrustCom/BigDataSE/ISPA, Helsinki, Finland, August, 2015 (CCF C 2§
2:3, EI:20162102416538)

96



TS S S0 1B HAS (7 7 B SR

(1]

(2]

(3]

(4]

[3]

(6]

I 2 W A

sk R JE, BIXK, BEGE, FRKAE, HH. —Fhii M MapReduce HEZR (1) ER U5 & 15 2 2 i) 7V,
Z1.201410328449.0, P4 %2 5838 K% (2016-03-30 T%AY)

AR, H, BRI, R, WRIENS, SR, BRI, —MET HBase MMM 2RI &R
5187715, 21.201310298976.7, V5% A8 1l K2 (2016-03-30 CLAY)

I, B, BEIR, AKAE, TR, —FRIE T DOM 1 W T S EE N 25 E T 7%, Z1L.201410840805.7,
P8 2228 38 K2 (2016-03-30 EL4%HY)

HERAE, R, ZEUK, BERR, Brg K, skEnd, Mgk, T E, sk, —MIET HBase
Pl e R E A ST 71, ZL201410658492.3, T 2238 1B A% (2016-06-08 T %40)

XY, S, SETE, OPRAE, DR, BERR, ZEUK. TS TR B0 N 4 B S A AR 5 ik,
Z1.201310272890.7, P %5818 K% (2015-04-29 T4ZA)

TRARRE, TR, ABERAE, EIE, BEIR. BT LRI MapReduce 1155 55 £ o0 R E R 4
K7k, Z1.201410344242.2, P02z 4800 K5 (2015-09-30 CAZ4L)

97



AL OB (1)

AN Fr 2 AA0R RAE R ITHE 3 AN SE B TR . SO R
RO AR N B SCR, 3 O bR RSS2V . AR R B EIEEE X ECE
TN R ARIIBE TR, A E AN O T HAl 22 A7 H R A SCEUSR o

ARNIE e EIRFER, R AR BN STEAE R -

IDIAEIES & i VAT L

2) EREATAEAR R BEAR_EXHEE A N AT Sy BEAT 8

3) ANILREERIE T R UG A A48 ARG R 4 B, T e

THER;
4) A N DT R SRR A R A 2y

WA (%4): H 34 F H H

AL SO B (2)

ANFEH: Wt P C AR AR L C AR NEH B, TRERNIE T
N AR AL SE BRI TR o

ARNIE e EIR R, R RARH PR STEAE R -

1) AR ATEAR R BAR B A N B R EAT AT I 5

2) RNAZREEERE 730, KRR B A RGE R A E IR, AT ATHER;

3) A N AL WA e W AR AT AL 2

TR () 391 23 H H

223 SR BUSUB 75

FATHEH, BAHRAZ AR ST AR RIS AR o, R BUA R 2R 2R
MR AR Bl ATFRIE &3 LU R T MSERR] . AR S EE BRR
AL SR IM R WO R, R R A Y 22 6 18 SC 5 %08 SCELHEAR SS I 2RI S0l
JRARI, A% PRALATIIR NV 2 58l R

WIXAEE (FH): SR it H H
TRFH () H31: i H H

(AP B RRBUR DY 2258 R T, REVFR], AR AL RAR A A B )



	摘    要
	ABSTRACT
	目    录
	Contents
	1  绪论
	1.1 研究背景与意义
	1.1.1 在线学习行为数据分析的挑战
	1.1.2 在线学习过程数据的可视分析
	1.1.3 研究目的和意义

	1.2 国内外研究现状
	1.3 论文的主要工作
	1.4 论文组织结构

	2  相关工作
	2.1 高维数据可视分析
	2.1.1 高维数据降维方法
	2.1.2 高维数据视觉映射方法

	2.2 时序数据可视分析
	2.2.1 线性时间数据可视化
	2.2.2 周期性时间数据可视化
	2.2.3 时间点与时间间隔数据可视化

	2.3 在线学习行为数据可视分析
	2.3.1 在线学习行为数据分析任务
	2.3.2 在线学习行为数据可视分析

	2.4 本章小结

	3  面向高维数据的学习参与度可视分析
	3.1 引言
	3.2 在线学习行为数据管理
	3.2.1 数据存储模型
	3.2.2 数据管理系统框架

	3.3 学习参与度指标模型
	3.3.1 数据预处理
	3.3.2 在线学习行为抽象
	3.3.3 学习参与度指标
	3.3.4 基于哈希表的学习参与度数据存储

	3.4 可视化设计与交互界面
	3.4.1 学习参与度分布图
	3.4.2 交互设计

	3.5 案例分析
	3.5.1 学习参与度的分组分析
	3.5.2 使用学生支持服务与学习参与度模式的关系

	3.6 本章小结

	4  面向时序数据的学习时间管理可视分析
	4.1 引言
	4.2 在线学习时间管理模式分析任务
	4.2.1 分析任务与设计需求
	4.2.2 系统架构

	4.3 学习参与度时序模型
	4.3.1 学习参与度时序矩阵
	4.3.2 学习参与度时序矩阵计算
	4.3.3 基于卷积神经网络的成绩区间预测模型

	4.4 可视化设计与交互界面
	4.4.1 基于日历坐标系的学习参与度日历矩阵
	4.4.2 基于日历图的学习时间分布图
	4.4.3 多课程视频观看可视化
	4.4.4 交互界面设计

	4.5 案例分析
	4.5.1 学习时间管理风格对比
	4.5.2 多课程学习时间管理风格

	4.6 本章小结

	5  面向大规模多属性数据的视频利用情况可视分析
	5.1 引言
	5.2 视频利用模式分析任务
	5.2.1 分析任务背景
	5.2.2 视频利用模式分析任务与设计需求
	5.2.3 系统整体框架

	5.3 基于观看行为数据的视频利用模型
	5.3.1 到课率与利用率定义
	5.3.2 到课率与利用率存储

	5.4 可视化设计
	5.4.1 基于球面布局的多属性概览视图
	5.4.2 基于混合图表的多属性详情视图
	5.4.3 基于平行坐标系的多属性对比视图
	5.4.4 交互设计

	5.5 案例分析
	5.5.1 整体视频利用模式
	5.5.2 长期视频利用模式
	5.5.3 生源分布与视频利用率模式

	5.6 本章小结

	6  结论与展望
	6.1 研究工作总结
	6.2 下一步工作展望

	致 谢
	参考文献
	攻读学位期间取得的研究成果

