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Background Main Idea
» Online learning systems collect massive educational questions. » learn comprehensive question representations by pulling questions with
» Mathematical question understanding is a crucial but challenging issue in more similar purposes closer than those with less similar purposes
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Related knowledge concepts play an important, since they reflect the | () Model Architecture U Uban (© Knowledge Hierarchy-Aware Rank )

purposes and mathematical domain of questions.
Similar Question Augmentation
» To learn latent purposes of mathematical questions, generate questions
Laclon ) (Dertie) with similar holistic purposes but diverse literal details
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Let f(x) =
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V3 cos (; + 2x),
and x € [0, E].
Try to calculate

: Letn € [O,E], and g(u) = V2 sin (E - 4u). Try to
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calculate the minimum value of function g(u).
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Given f(x) = e* — 1 and g(x) = x* + 4x — 3, iff(a) = ||
g(b). What is the range of b? i
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If f(x) = = (a # 0) and F(x) = f(x) + 1 has no zeros.

eX
Given that a is a real number, what is the range of a ?

value of function

f(x).

Function Function Derivatives

> Content-level

Dissimilar RO Wieose ECrarchy > Text Augmentation + Formula Augmentation

»> Structure-level
»  Structure Augmentation

The surface of a cuboid is 60m?. The proportion of its
length, width and height is 6:3:2. Calculate its volume.

Problem Definition Knowledge Hierarchy-Aware Rank
Mathematical Questions » Exploit fine-grained similarities between questions based on the
consist of content and related knowledge concepts q = (x, k) relationship of mathematical knowledge concepts
Question content: x = {xq, X5, ..., X1} » KH-distance L—u+1 ifdue{l,--, L}
a sequence of tokens, where each token is a word or symbol khd(g:, 95) = { Ler i ;6’“{? fndku; g ’;Z;lf ’
Related knowledge concepts: k = {k4, ko, ..., k1 }
selected from a L-level knowledge hierarchy KH = {X, £} » Assign each question g; in memory bank into one of L + 1 ranks
Q" = { {¢"}, u=0 |
Question Representation Problem {plkhd(g,p) =u}, we L, L1}
» Given: mathematical question q = (x, k) » Similarity ranking h(q,q°) > h(q,q") > --- > h(q,¢" "), Vq" € Q¥,
> Goal: a d-dimensional vector v € R¢
be transferred to several downstream tasks and benefit their Pre-training
performances > Ranking Info Noise Contrastive Estimation loss (RINCE)
captu%’e laten.t pu.rposes O.f qu.eStionS . » gradually decreasing similarity with increasing rank of samples
contain the rich information in question content and related knowledge Lot = Zéz ‘. > cai €XP (%{p))
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Experiments
Datasets Model Analvsis
> 0.6 , . — —:
T = B w/o f 1 tat /o structur tat ¢ Conic Section o
Statlst{cs SYSTEMI | SYSTEM2 ‘£ ] wlo toxt augmontation All aggmentations Fncin fe
# Questions 123,200 | 25287 F %41 - Sod Geomety ST
Avg. question length 80.08 13091 & o2 - 0sa 071 1 0.665 1 5% Rlgber Sequence b ot
Avg. formula length per question| 48.02 8448 0 Z:‘; 0.660 -
# Hierarchical levels 3 3 < { 5 3 4 0331 I res | I 0655 | I
# Knowledge in level-1 21 21 KH-distance khd 052 0,63 | 0,650 RS
# Knowledge in level-2 81 54 Pearson (Similarity) F1 (Concept) DOA (Difficulty) (a) level-1 knowledge concepts (b) level-2 knowledge concepts
# Knowledge in level-3 361 175 The relationship between khd Effectiveness of each augmentation. Visualization.
# Questions with difficulty label 7,056 / and labeled simﬂarity between
1 1 1M1 1 . . khd=0 wkhd=1 khd=2 " khd=3 wkhd=4
# Questions with smglanty label / 6,873 questions in SYSTEM2. n
Label sparsity 5.72% 27.18% . 1
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Overall Performance E 07 -
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Tasks Similarity Prediction Concept Prediction Difficulty Estimation }: 0.5 -
Datasets SYSTEM2 SYSTEMI SYSTEM2 SYSTEMI 04 +HENEN UEUUS WENE. WEQCE
- R - - BERT DAPT-BERT ConSERT SCL Net Di Net C
Mefrics | Pearson | Spearman |——ovel-L level-2 level-1 level-2 | MAE |RMSE| PcC | DOA . Quesiiet  DisenQNet  QuesCo
ACC [ FI | ACC| F1 | ACC | F1I | ACC | FI1 . ) .‘ ) . .
BERT | 02957 | 03655 |0.7309|0.5213 | 0.4472 |0.1833 | 0.4822 [0.2374 [ 0.2984 |0.0945 | 0.1987 | 0.2463 | 0.3974 [ 0.6318 Similarity Ranking Analysis: Relationship between kAd and similarity.
DAPT-BERT | 0.4856 | 0.5313 |0.8032 [0.6288 |0.5597 | 0.2727 | 0.6522 | 0.3855 | 0.4960 | 0.1836 | 0.1880 | 0.2313 | 0.5087 | 0.6589 —
ConSERT | 0.5060 | 0.4760 |0.8064 |0.6655 |0.5933 |0.3135 | 0.6987 | 0.4952 | 0.5020 | 0.2076 | 0.1873 | 0.2308 | 0.5115 | 0.6621 Question Knowledge |, , ,Simil-
SCL 0.6901 | 0.7101 |0.8985|0.8011 |0.7492 | 0.4683 | 0.8083 | 0.6498 | 0.6225 | 0.3071 | 0.1996 | 0.2460 | 0.4002 | 0.6340 : Concept arity
QuesNet | 0.5370 | 0.5549 |0.7881|0.6930 |0.5693 |0.3604 | 0.7194 [ 0.6213 [ 0.5810 | 0.3118 | 0.1865 | 0.2305 | 0.3959 | 0.6539 0+: Given that x = 1,592,y = 1,307, 7 (g); What
DisenQNet | 0.6922 | 0.6955 |0.8210|0.7064 | 0.6404 | 0.4332|0.7945 | 0.6805 | 0.2431 [ 0.1023 [ 0.1970 | 0.2424 | 0.4293 | 0.6338 A max=2Le Ly= Lo 2= ) /]
QuesCo | 0.7385 | 0.7245 |0.9176 | 0.8938 | 0.7857 | 0.5550 | 0.8340 | 0.7018 | 0.6719 | 0.3756 | 0.1778 | 0.2219 | 0.5623 | 0.6765 is the relationship between the magnitude of x,y, z?

L Exponential

Q,: Giventhatu = 1.57%2 z = (g)E ,y =2.3%7. What | Function | 0 | 0.96

is the relationship between the magnitude of u, y, z?
Q3:Iff(x) =e*—1,g(x) = —x?+ 4x—3,and f(a) =

Performance comparisons on three typical downstream tasks.

Ablathn Stll dy g(b). What the range of value of b? 11070
— — — - — Q4: What is the domain of definition of the function Logarithmic 2 | 0.64
Tasks Similarity Prediction Concept Prediction Difficulty Estimation f(x) = In(x2 — x) ? Function .
Datasets SYSTEM2 SYSTEM1 SYSTEM2 SYSTEM1 Qs: f(x) = (M2 —m — 1) - x™ (m € R) is a power
. level-1 level-2 level-1 level-2 - . s : : Power
Metrics | Pearson | Spearman (—~~——r1 1 acc T FIi T ACC | FI [ Acc | L | MAE |[RMSE| PCC | DOA fﬁ:?;?ﬁeaggﬁ?mcreasmg when x € (0, +0). What is Function | > | 934
QuesCo | 0.7385 | 0.7245 |0.9176 | 0.8938 | 0.7857 | 0.5550 | 0.8340 | 0.7018 | 0.6719 | 0.3756 | 0.1778 | 0.2219 | 0.5623 | 0.6765 Qq: If 2 cards are randomly selected from a mixed deck

w/o AUG | 0.7028 | 0.7213 |0.9079|0.8770{0.7305 | 0.4497 | 0.8320 | 0.6972 | 0.6443 | 0.3412 | 0.2007 | 0.2482 | 0.3797 | 0.6204 (52 cards in total), what is the probability of “both are Independen- 4 | 0.42

w/o KHAR | 0.5481 0.5057 |0.8202|0.7160 [ 0.6181 | 0.3416 | 0.7332|0.5996 | 0.5613 | 0.2746 | 0.1810 | 0.2248 | 0.5475 | 0.6655 Hearts™? ce of Events

Effectiveness of each module. Case Study: A case of questions with different similarities.




