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Thesis
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Education generally, and cloud
connected electronic books
particularly, provide huge
opportunity to expand and
grow data mining research



Outline

A Importance of electronic textbooks

A Enriching textbooks through data
mining

A Research opportunities

A Concluding thoughts

M'|ﬁiosoft' I'd]



Outline

A Importance of electronic textbooks

M'|ﬁiosoft' I'd]



Three Trends

A Centrality of good educational material for economic
development

A Continued Increased adoption of Internet
A Emergence of tabletsfeeaders
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Education and Textbooks

Education: Primary vehicle for improving

economic welbeing of people
I World Bank Reports, 1998, 2007

Textbooks: Most costffective means of

positively impacting educational quality .

i Also indispensable for fostering teachema™_
learning and for their ongoing

professional development

I Works by Clarke&;rossleyFullerHanushekLockheed,
Murby, Vail, and others
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2.3B Global Internet Users in 2011* —

8% Growth*, Driven by Emerging Markets

2008-2011
Internet User 2011 Internet Populatiol
Rank Country Adds (MMs) Users (MMs) Penetratio
1 China 215 513 38%
2 India 69 121 10
3 Indonesia 37 55 23
4 Philippines 28 34 35
5 Nigeria 21 45 28
6 Mexico 19 42 37
7 Russia 16 61 43
8 USA 15 245 79
9 Iran 14 37 48
10  Turkey 11 36 49
Top 10 444 1,189 32%,
World 663 2,250 32%




Growth In Tablets/dReaders:

29% US adult owners from 2% in less than 3 yea
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President Pranab Mukherjee unveils Rs. 1,130
Aakash 2 tablet

Agence France-Presse, November 12, 2012
- 0

USA Adults that own tablet computers

0%
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Source: Pew Research Center, 1/12.
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Reimagining Textbooks

BB vextbook Video Augmentation Demo BB scowse Textbook

A Class09 Science Chapter 1
|

. < { Chapter 2
. Class12 Economics \

Class12 Physics

Chapter 3
Chapter 4

Chapter 5

ciated Video Augmentation
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Outline

A Enriching textbooks through data
mining
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Project Knowledge AmplifieK§

- Automated Assessments
- ldentification of lecture units
- Teaching plans, projects,

Amplify
assignments

- WW Collaboration & mentoring Teaching

Amplify
Knowledge
Dissemination

- Textbook augmentation®:3:>

- - - . 6
- Intra2 & Inter* section Am p| |fy \/ Am p||fy \?\;\lj\(lj);ttlg;llg?;mg
deficiency diagnosis : - ) 3
- Authoring by outlining AUthOrlng Leamlng :E[rjopgrjtr)?)?isaltgigiors

- Interaction mining

I\/I'|ﬁiosoft' I Ka.:. Acronym for O6Knowl e dpes eanmamiéent Egys L .



Data Mining for Enriching Textbooks

Augmentingbook sectionswith
web content

Diagnostic tool to identify

deficiencies
Identify sectionsneeding Add selective links to articles
enrichment Determine key concepts in each sectio
of a book and find links to authoritative
Decision model based on syntactic web articlesfor theseconcepts [AGK+11

complexity of writing and dispersion of
Textbooks key concepts in the sectioAGK+11] Add selective images

factoring in images in othesections
[AGK+11]

1 L Find images most relevant for a sectio?

Quantify comprehension
burden on the reader

Assess the extent to which the textbook follows ; ;
desirable properties and measure the Add SeleCtlve VldeOS

presentation of conceptfACG+12]

Vetted on high school textbooks
(NCERT, India): Grades IX i XII
Across subjects

[AGK+11] Data Mining for improving Textbooks, SIGKDD Explorations,13(2), 2011 (summary of 3 earlier papers).
[ACG+12] Empowering Authors to Diagnose Comprehension Burden in Textbooks, KDD 2012.
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http://research.microsoft.com/pubs/160847/dataMiningForImprovingTextbooks-kddExplorations2011.pdf
http://research.microsoft.com/pubs/163684/diagnosingComprehensionBurdenInTextbooks.pdf
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Sections Needingnrichment

Decision Variables
Probabilistic Enrich /
Dispersion of key Syntactic complexity —— Decision [ 5 2 y Qi
/ concepts of writing Model Examine

Textbooks

Algorithmically Generated Training Set

Map a section to Impute Perform
closest Wikipedia immaturity thresholdingto
article version score to section get labels
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Decision Variables

Syntactic complexi
of writing

Many unrelated

-

concepts in a section C
Hard to understand 35
section i
Direct |< Electrict; Adam Smith
curren
current |~ [ Ejectric / / / ~
generator / Social
1 //‘ Political economy institution
. Magnetic
Electricity /‘ field Representative Forest
! produce
Magnet / Caste system




Computing Dispersion

A V = set of key concepts discussed in section

I Terminological nouphrasesiinguistigoattern A*N* (A
adjective; Nnoun)

i éconceptt 2 A1 ALISRAIF GAGE Sa
A Relatedx,y) =Conceptxis related to concepy

I Cooccurrence
I trueif Wikipedia article fox links to the article fo

A Dispersion§) :=Fractionof unrelated concept pairs
I (1 ¢ Edge Density) of the concegtaph
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crerrl1 3

ws.s Magnetic Effects of
&' Electric Current

Many unrelated

concepts in a section C

Hard to understand
section

-

The Market
as a Social Institution

Dispersion = £ 15/30 = 0.5
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Direct |< Electrict: Adam Smith
curren
current “~_| Electric /’ / / \
generator / Social
) / / Political economy institution
. /‘ Magnetic
ectricity field Representative Forest
| / produce
Magnet Caste system

Dispersion = & 3/30 = 0.9

Larger dispersion C greater need for augmentation




Decision Variables

Dispersion of key
concepts

A 100+ years of readability research

A 200+ Readability formulas
I In widespread use (notwithstanding limitations)

A Popular formulas:

Flesch Reading Fase Score [17] 6535 - B0 = oW - 1mn = w,r ]| ¢ = Number of words with
Flesch-Kincaid Grade Level [31] —1550 + 118 = 8/W + 030 = W/T three syllables or more
Dale-Chall Crade Tevel [14] T8 — 1142 x  D/W T 002 x W/T||P = Number of words on
Gunning Fog Index 23] 40 = C/W + 04 = W/T I B ;ﬁfrr:iﬂ:{:fc;ﬂft:-rft
SMOG Index [37] 30 + 0 x JOJ S  —  Number of svllables
Coleman-Liau Index [1U] —15.8 + 5.88 X L/W  — 2050 x T/W T — Number of sentences
Automated Readability Index [46] | —21.43 + 4.4l x L/W  + 0a0 = W,/ T W = Number of words

A Regression coefficientsarned over specifidatasets
I McCalCrabbsStandard Test Lessons
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Decision Variables
Dispersion of key
concepts

A Direct use oReadability formulagielded poor
results

A Variables abstracted from readability formulas:
I Word length: Averageyllables per wordS/W)
I Sentence length: Averageords per sentenc@N/T)

A Larger syntactic complexity greater need for
augmentation
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System Overview

Probabilistic Enrich /
Dispersion of key Syntactic complexity Decision 52V Qi

/‘ concepts of writing Model Examine

Textbooks

Algorithmically Generated Training Set

Map a section to Impute Perform
closest Wikipedia immaturity thresholdingto
article version score to section get binary labels
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Probabilistic Decision Model

A Probabilistic scoring of a section needing enrichment
through logistiaegression

A Probability that a section need@hrichment
1

Ply=1lz,w) = - +

("'r\ | ) 1+ exp{—(b+ ZTWQ
Section Decision Importance
needing variables between decision
enrichment

variables

A Optimal weight vectow learned from a training set of
textbook sections

A Scoredinnedinto

i A9Y NAOKE X G52y Q0 SYNROKEXT 2N
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Algorithmically Generated Training Set
Map a section to Impute Perform
closest Wikipedia Immaturity thresholdingto
article version score to section get binary labels

A Difficult to getqualifiedjudges who would give consistent
labels

A Map a textbook section to a most similar version cfimilar
article in a versioned repository (Wikipedia)

A Compute immaturityof this versiorasa proxy for that of the
section

A Immaturity: function of relative edits on each day and a tit
window K, with more weight to recemdits (see paper)

A Immaturity computation reliable at only extrenends
A But only few quality labels are needed

Migrosoft [AGK+11a] Identifying Enrichment Candidates in Textbooks. WWW 2011.
rch



Sections Needingnrichment

Decision Variables
Probabilistic Enrich /
Dispersion of key Syntactic complexity —— Decision [ 5 2 y Qi
/ concepts of writing Model Examine

Textbooks
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Application to Indian Textbooks

R s A Book corpus: 17 high school textbooks
published by NCERT*

@ I Grades IX XII

I Subject areas: Sciences, Social Sciences,
tAMNE IR AN Commerce, Math

NCESERT .
I 191 chapters, 1313 sections
A Followed by millions of students
A Available online

Mjgrosoft
ﬁesearch * National Council of Educational Research and Training



Results: Sections needing enrichment
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A Many unrelated concepts [high
dispersion]:

A Long sentences, e.g.,

Factors like capital contribution and risk vary
with the size and nature of business, and
hence a form of businessganisationthat is
suitable from the point of view of the risks for
a given business when run on a small scale
might not be appropriate when the same
business is carried on a large scale.



