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Thesis 

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



ÅImportance of electronic textbooks 

ÅEnriching textbooks through data 
mining  

ÅResearch opportunities 

ÅConcluding thoughts 
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ÅCentrality of good educational material for economic 
development 

ÅContinued Increased adoption of Internet 

ÅEmergence of tablets/e-readers 

Three Trends 



Education: Primary vehicle for improving 
economic well-being of people 
ïWorld Bank Reports, 1998, 2007 

Education and Textbooks 

Textbooks:  Most cost-effective means of 
positively impacting educational quality 

ïAlso indispensable for fostering teacher 
learning and for their ongoing 
professional development 

ïWorks by Clarke, Crossley, Fuller, Hanushek, Lockheed, 
Murby, Vail, and others 





Growth in Tablets/e-Readers: 
 29% US adult owners from 2% in less than 3 years 

 



Reimagining Textbooks 
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Project Knowledge Amplifier (Ka) 

 Amplify 

Knowledge 

Dissemination 
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Teaching 

Amplify 

Learning 
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Authoring 

- Textbook augmentation1,3,5  

- Study Navigator6 

- WW study groups7 

- Progress indicators 

- Appropriateness 

- Interaction mining 

 

- Intra2 & Inter4 section 

deficiency diagnosis 

- Authoring by outlining 

-  Automated Assessments 

- Identification of lecture units 

- Teaching plans, projects, 

assignments 

- WW Collaboration & mentoring 

Ka: Acronym for óKnowledge amplifierô.  Also, óvital essenceô in ancient Egypt . 



Data Mining for Enriching Textbooks 

[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. 

Textbooks 

Identify sections needing 
enrichment 

Decision model based on syntactic 
complexity of writing and dispersion of 
key concepts in the section [AGK+11] 

Add selective links to articles 

Determine key concepts in each section 
of a book and find links to authoritative 

web articles for these concepts [AGK+11] 

Add selective images 

Find images most relevant for a section 
factoring in images in other sections 

[AGK+11] 

Vetted on high school textbooks 

(NCERT, India): Grades IX ï XII 

Across subjects 

Quantify comprehension 
burden on the reader 

Assess the extent to which the textbook follows 
desirable properties and measure the 

comprehension burden due to non-sequential 
presentation of concepts [ACG+12] 

Diagnostic tool to identify 
deficiencies 

Augmenting book sections with 
web content 

Add selective videos 

Find appropriate videos for a section 

http://research.microsoft.com/pubs/160847/dataMiningForImprovingTextbooks-kddExplorations2011.pdf
http://research.microsoft.com/pubs/163684/diagnosingComprehensionBurdenInTextbooks.pdf
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Sections Needing Enrichment 

Decision Variables 

Dispersion of key 
concepts 

Syntactic complexity 
of writing 

Algorithmically Generated Training Set 
Map a section to 
closest Wikipedia 

article version 

Impute 
immaturity 

score to section 

Perform 
thresholding to 

get labels 

Textbooks 

Enrich / 
5ƻƴΩǘ κ 
Examine 

 
Probabilistic 

Decision 
Model 



Many unrelated 

concepts in a section Č 

Hard to understand 

section 

Decision Variables 

Dispersion of key 
concepts 

Syntactic complexity 
of writing 



ÅV = set of key concepts discussed in section s 

ïTerminological noun phrases: Linguistic pattern A*N+ (A: 
adjective; N: noun) 

ïάconceptiέ ²ƛƪƛǇŜŘƛŀ ǘƛǘƭŜǎ 

ÅRelated(x,y) = Concept x is related to concept y 

ïCo-occurrence 

ïtrue if Wikipedia article for x links to the article for y 

ÅDispersion(s) := Fraction of unrelated concept pairs 

ï (1 ς Edge Density) of the concept graph 

Computing Dispersion 



Dispersion = 1 ς 15/30 = 0.5 Dispersion = 1 ς 3/30 = 0.9 

Larger dispersion Č greater need for augmentation 

Many unrelated 

concepts in a section Č 

Hard to understand 

section 



Å100+ years of readability research 
Å200+ Readability formulas 
ï In widespread use (notwithstanding  limitations) 

ÅPopular formulas: 
 

 
 
 

 

ÅRegression coefficients learned over specific datasets 
ïMcCall-Crabbs Standard Test Lessons 

Decision Variables 

Dispersion of key 
concepts 

Syntactic complexity 
of writing 



ÅDirect use of Readability formulas yielded poor 
results 

ÅVariables abstracted from readability formulas: 

ïWord length: Average syllables per word (S/W) 

ïSentence length: Average words per sentence (W/T) 

ÅLarger syntactic complexity Č greater need for 
augmentation 

 

Decision Variables 

Dispersion of key 
concepts 

Syntactic complexity 
of writing 



System Overview 
Decision Variables 

Dispersion of key 
concepts 

Syntactic complexity 
of writing 

Algorithmically Generated Training Set 
Map a section to 
closest Wikipedia 

article version 

Impute 
immaturity 

score to section 

Perform 
thresholding to 
get binary labels 

Textbooks 
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5ƻƴΩǘ κ 
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Probabilistic 

Decision 
Model 



ÅProbabilistic scoring of a section needing enrichment 
through logistic regression 

ÅProbability that a section needs enrichment 

 

 

 

  

ÅOptimal weight vector w learned from a training set of 
textbook sections  

ÅScores binned into 
ï ά9ƴǊƛŎƘέΣ  ά5ƻƴΩǘ ŜƴǊƛŎƘέΣ ƻǊ άaŀƴǳŀƭƭȅ ƛƴǾŜǎǘƛƎŀǘŜ ǘƻ ŘŜŎƛŘŜέ 

 
 

 

Probabilistic Decision Model 

Decision 

variables 
Importance 

between decision 

variables 

Section 

needing 

enrichment 



ÅDifficult to get qualified judges who would give consistent 
labels 

ÅMap a textbook section to a most similar version of a similar 
article in a versioned repository (Wikipedia) 

ÅCompute immaturity of this version as a proxy for that of the 
section 

ÅImmaturity: function of relative edits on each day and a time 
window K, with more weight to recent edits (see paper) 

ÅImmaturity computation reliable at only extreme ends 

ÅBut only few quality labels are needed 

 

 

 

Algorithmically Generated Training Set 
Map a section to 
closest Wikipedia 

article version 

Impute 
immaturity 

score to section 

Perform 
thresholding to 
get binary labels 

[AGK+11a]  Identifying Enrichment Candidates in Textbooks. WWW 2011. 
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ÅBook corpus: 17 high school textbooks 
published by NCERT* 

ïGrades IX ς XII 

ïSubject areas: Sciences, Social Sciences, 
Commerce, Math 

ï191 chapters, 1313 sections 

ÅFollowed by millions of students 

ÅAvailable online 

Application to Indian Textbooks 

* National Council of Educational Research and Training 



ÅMany unrelated concepts [high 
dispersion]: 

 

 

 

ÅLong sentences, e.g., 
ï Factors like capital contribution and risk vary 

with the size and nature of business, and 
hence a form of business organisation that 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. 

Results: Sections needing enrichment 


