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Registered 12,725

Watched at least one video RS 7,761
Took any quiz during the course TN 3 658

3000

Scored >0 on both Week 1 quizzes [ 1267
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Scored >0 on either quizin Week 4 M 561
Attempted the final exam [ 346
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(TD) Larry was on another of his underwater expeditions but this
time, it was different, He decided to take his daughter along with
him. She was only ten years old.[...]Dangerou
him from continuing his search. Sometimes, he was limited to a
cage underwater but that did not bother him. [...]JAlready, she
looked like she was much braver than had been then. This was the

key to a successful underwater expedition.

(TQ)

Q1:In what way was this expedition different for Larry?
A. His daughter had grown up.

B. He had become a famous diver.

C. His father would dive with him.

D. His daughter would dive with him

(TO)

(TQ)
Q2:Why did Larry have to stay in a cage underwater sometimes?
A. To protect himself from danger.
= B. To dive into the deep water.
&R0 C. To admire the underwater view.
D. To take photo more conveniently.
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Eq: The front, top and side The stereogram of a object is shown in figure (a) and AB_AB-2-0.
views ofa geometric The front, top and side views of it are shown in figure (b), (¢) and
object are shown in - (d) The volume of the object is ()

Similar
figure (a), (b) and (c). Ae— B.4 C5 D.6

Please calculate the Concepts

volume of the object. A‘ 1 € :Solid geometry
1 C;:Volume

D @ (b © (@ C3:Quadratic equation
2 [~
l(a) ! ) (cl) E3: A geometric object is shown in figure (a) and its volume is V.
AOB = 90° and OB = 2. What 1s the relationship of AB and V ?
Concepts Dissimilar
€4 :Solid geometry —_—_ Concepts
&2 ¥lime _ €, :Solid geometry
OB 5 :Volume

(a)
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xg, = (0.22,0.6, ...,0,0.56)

xg, = (0.22,045,...,0,0.4) —>

xg, = (0,0.6, ..,0.71,0.42)

Rl F E—HEiEE X

n MEFEEE (VSM, Vector Space Model)
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cos(xg,, xg,) = 0.75
cos(xEl,xE3) =0.18

cos(sz,xE3) = 0.27
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Word-Word Similarity

,/—/‘HE“‘&»
Ey: T_he front, top and s_ide E,: The stereogram of a object 1s shown in figure (a) and AB%-AB-2=0. The front, top and side views of
Vlf-‘_-WS of a geomﬂ‘rlc it are shown in figure (b), (c) and (d). The volume of the object is ()
object are shown in Similar A 3 B.4 C35 D.6 Concophs
figure (a). (b) and (c). g ; | C;:Solid geometry
Please calculate the g 1(\ B 4 Cy:Volume
volume of the object. A = = o @ C3:Quadratic equation
% I D
T o E3: A geometric object is shown in figure (a) and its volume is V. AOB =90°, and OB =2. What is the
ci] t ® © Dissimilar relationship of AB and V ? ‘ Concenls
; TGRS — A Cy:Solid geometry
1 :Solid geometry OB CVekime
C> :Volume @ 2:
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Word-Word Similarity

,"//h%x“‘“--.
E;: The front, top and s_ide E,: The stereogram of a object is shown in figure (a) and AB%.AB-2-0. The front, top and side views of
v ofa geome‘Frlc it are shown in figure (b), (c) and (d). The volume of the object is ()
object are shpwn n Similar A3 B. 4 C5 D.6 Concepis
figure (a), (b) and (c). R | C;:Solid geometry
Please calculate the oy 1(\ 2 ] C Vol
volume of the object. = = o @ C3:Quadratic equation
: I D
T o E3: A geometric object is shown in figure (a) and its volume is V. AOB =90°, and OB =2. What is the
(@) (b) (c) Dissimilar le].ﬁthHShlp of ABand V 2 ; COIICEPTS
Concepts T A T
€y :Solid geometry B gl :E’;}llld geometry
C> Volume (2) 2: YO Tme

Anhui Province Key Lab. of Big Data Analysis and Application, University of S&T of China




Similarity Attention

Similarity Score Layer
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shared weights Unified semantic
representation

full-connect similarity
score
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Exercise Input\ Image CNN Unified semantic
) : representation
/ Imzges {6 ) 3 / L convolutions fg v (d1=100) P
n > o m)v; The semantic
S max poolings "1 representation of E
Gl el —
width = 64 - r(E) (d3=300)
Text (ET n
E =D = Attention-based LSTM |sb| h®(ds=300)
h

emb (dy=100) S~

. th)
Concepts (EC W, )
cpis (£C) 0 embedding | =) % i :
12314 & :;‘> Uy Representations
\ ot EC u (d2100) of different parts
Concept Embedding
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= RTHAN
» ARSI (ET):

Exercise Input
» Sequence words: ET = (wi,wz,...,WN) @
. , Images (K1) //
» Each word: dy-dimensional word2vec =
I
5
> B R (£): B 4
_ | . idth = 64
> Atensor: El = (p1,pa,....py) € RMx6ax6d Wi
» Each image: a 64 x 64 matrix E — Text (ET') "
83
N ] emb (d,=100
> FIRRRES (£0): (dy=100)
> A matrix : EC = (ky.ko..... k) € {0, 1}xLatt Concepts (EC) o
» Each concept: one-hot vector \ 1234] N

onchot
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» Image CNN

» get the feature vector for each image.

/Ui = O'(IWCNN([)%

feature vector

width = 64

Image CNN

A 64 x 64 Image

Image CNN

convolutions

_I_

max poolings | 11

El v (d1:100)
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= A HEXE, B, HRRE
» Concept Embedding

» convert one-hot vectors of concepts into low-dimensions.

/

Dense vector
of concept /

EC

uj = kiWy

A —

One-hot vector

Param‘eters of
Concept Embedd

ing

embedding

onchot

Concept Embedding

Anhui Province Key Lab. of Big Data Analysis and Application, University of S&T of China




= FIBEANMESEINGIZES DB F-HIRR. XEF-BRAXEK
m TCA: FEIA-ANRRXKEL
n TIA: ZEINAR-EHKEL
s TCABEHRUT: semantic representations of different parts, h)

¥ I

Wi, by d d |

by = Zaj”js aj = L‘P(HJ W, he—1) ’ hO E > hl hZ b e _’hN—l T(E)|
Jj=1 Z[:]_ [ro(ufs Wf-rhf—l) |

@(uj, wt, hy—1) = Vactanh(Waclu; © wy @ he-1]),

iy R we RRBARAARET |96 () |(na) ol

Uj BRENE MIREEERT ¥

TCA || TIA TCA || TIA TCA || TIA
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Images Concepts
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fELRRE- - RN Z[EgJAttention

W Similarity Attention
ISEF—ERHBAEBE/MNATUENFEAE, Similarity Attention ERESREIE(E
%}B\fgiﬂﬂlﬂﬂ’ﬂﬁiﬁiﬁ@ (3NEaFlEb) AEERS (A0, ARword) Z[EHY

» Attention Matrix A
» measure the similarity of corresponding parts Of Ea

Aij=cos(hP h)) 1< i< Np 1<) <N,

> Similarity attention representations s(Ea) and sf#) oot _

the attention score (E ) NE;, (Ep) NEa
of the i-th part of Ea Z Ak S Z Ak ol

S(Eb)

h(Eb) word-word
att

attention
(Ep) . r(Ep) exercise_-word
» Semantic attention representations ” and bt Representa{i;ns S tention .
Of Eb

the weighted sum of the
semantic representations ——» pfe) Z AiNg, h(E a) hglb;z;) Z An h(Eb)
for each part(word) of Ea @
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SR12AY Iy Table 2: The statistics of the dataset.
B SCISEUEER
. . Statistics Values
= EE I F LYTEKTIEEQ:I\: 1 }AZh IXU eLIQ% number of exercises 1,420,727
A KR = number of exercises having images 1,064,964
H @,m 1 ,420,727 | ;&%@5_]—'\2 number of labeled exercises 104,515
number of similar pairs 401,476
number of similar pairs having the same concepts | 174,672
Average similar pairs per labeled exercise 3.84
. &L ﬂ%ﬁ*ﬁ Average concepts per exercise 1.61
' Average images per exercise 3.04
B SEEYEEIEE 3.84 MBI
B HEXEEEN1.61MIRRM3.041MNE H
B KAY75%NNEEDEE—ME R
B 99%ANHRR N A DF2007 6017
|

B 55 %RIAREIAEEZE/N1,000E B EHRAFNIR RAYE
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Figure 10: Visualization of the similar parts between two ex-
ample exercises E,; and Ej,.

O Q. Liu(XiH), Z. Huang, et al. Finding Similar Exam Questions in Online Education Systems. KDD 2018.
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B METESISINGRIERERAEFRIIER, LMW TIHBORET (WHE
L\i}fiﬁ’ﬂﬁlﬁ& Eﬁﬁﬁi BET) NR—EEFEL TREENIIKEL, MRS
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; - — Table-4-TACNN v.s. Experts on QDP task with PCC metric.
(D) Larry was on another of his underwater expeditions but this Sentence CNN Layer Attention Layer . : .
tine, it was diffren, He decided to take his daughter along with operation output vikGn Layo Telt| TACNN EpAvg| Ept | Ep2 | Ep3 | Eps | Eps | Epb | Ep7

him. She was only ten years old[...Dangerous areas did not prevent ™ T[i 041 3 021 | 018 | 0.13 | 038 | -0.08 | -0.04 | 001 | 0.14
him from continuing his search. Sometimes, he was limited o a = T | 063 o068 | 045 | 032 | 052 | <001 | -044 | 053 | 037
cage underwater but that did not bother him, [ JAlready, she § ! i .
looked like she was much braver than had been then. This was the g e 11111 T": 078 ! 070 | 052 | 063 | 028 | 044 | -020 | 045 | 052
Key toa successful underwater expedition 8 DA — T4 | 0.63 : 040 | 009 | 0.07 | 031 | 048 | -040 | 0.58 | -0.08
TSi | 053 1] 056 | 039 | 032 | 029 | 029 | 043 | 051 | 047
(19 - q sakenh (1401 173 qJ 16 | 047 i 022 | 021 | 001 | 027 | 023 | 010 | 024 | o7
Q”“WhiWf[iys‘g:fljﬁzreﬁfgfzfgndgmmmemy‘ 1 \ T 08t om | 0S8 | 029 072 | 072 | 070 | 059 | 069
10)4 B Hehadgecomea;amousdiver. * convolutons “ I 2 : %*’ =1 T8 | 077 | 045 | 035 | 045 [ 024 | 014 | 019 | 045 | 064
~ | Hisfather would dive vith him, N senen e (01-60) \j' / pdcton} —TO} | 081 i 055 | 025 | 054 | 035 | 053 | 013 | 032 | 036
i D. His daugher would dive vt him. 10, 0 — Tli) 076 1 057 | 049 | -0.13 | 072 | 025 | 022 | 032 | 060
T i ,
(Q2:Why did Larry have to stay in a cage underwater sometimes? i W A [ Ti} | 090 i 07 | 04 11057 1039 | 0AL | 036 | D08 | 08
A. To protect himself from danger, opt-level atention |} concatenate T |.b 0.60 : 062 | 059 | 073 | 060 | 054 | 048 | 062 | 0.54
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Transcribing Content from Structural Images with Spotlight Mechanics (KDD2018)

GBI R EURER T
http://home.ustc.edu.cn/~yxonic/stn_dataset.7z

(b) Formula

Testing set percentage

Baseline

40% 30% 20% 10%
EncDec | 0.405 | 0.427 | 0.445 | 0.451 g l: — l: —

AttnDot | 0.530 | 0.563 | 0.600 | 0.611
AttnFC | 0.657 | 0.701 | 0.717 | 0.725
AttnPos | 0.716 | 0.723 | 0.732 | 0.741
STNM | 0.717 | 0.726 | 0.740 | 0.749
STNR 0.73'9“0'.‘73‘1“&759"0‘.77’8] g
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O Yu Yin, Zhenya Huang, Enhong Chen, Qi Liu, Fuzheng Zhang, Xing Xie, Guoping Hu, Transcribing Content from Structural Images with Spotlight
Mechanics, KDD 2018. 2643-2652, 2018.
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Table 1: The statistics of mathematics dataset.

Statistics Original Pruned
# of records 68.337.149 | 5.596.075
# of students 110,0726 84,909
# of exercises 1.825. 767 15,045
# of knowledge concepts 550 447
Avg. exercises per student \ 65.9
Avg. words per exercise \ 27.3
Ave. knowledge concepts per exercise \ 1.8
Avg. exercises per knowledge concept \ 54.2
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