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Research Expedition

Assuming

– Availability of inexpensive cloud-connected 
electronic devices

– Migration of the content of the current textbooks 
to those devices

How to enhance the quality of the electronic 
textbooks?



Diagnostic tools for identifying weaknesses in textbooks

Within section deficiencies

Syntactic complexity of writing and dispersion 
of key concepts in the section [AGK+11a]

Across sections deficiencies

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

Algorithmic enhancement of textbooks for enriching reading experience 

References to selective web content

Links to authoritative articles [AGK+10], images 
[AGK+11b] and  videos [ACG+14] based on the 

focus of the section  

References to prerequisites

Links to concepts necessary for  understanding 
the present section, derived  using a model of a 

how students read textbooks [AGK+13] 

• Validation on textbooks from U.S.A and India, on different subjects, across grades
• Prototypes and research papers (see References)

Data Mining for Enhancing Electronic Textbooks

Joint work with Sreenivas Gollapudi, Anitha Kannan, Krishnaram Kenthapadi, et al.
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A Peek Under the Hood
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Identification of Deficient Sections

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

Deficient /
Good /
Examine

Probabilistic 
Decision 
Model



• V = set of key concepts discussed in section s

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

– “concepti” Wikipedia titles

• Related(x,y) = Concept x is related to concept y

– Co-occurrence

– true if Wikipedia article for x links to the article for y

• Dispersion(s) := Fraction of unrelated concept pairs

– (1 – Edge Density) of the concept graph

Dispersion of Key Concepts
Many unrelated concepts  Hard to understand section



• Many unrelated concepts [high 
dispersion]:

• Long sentences, e.g.,
– 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.

Illustrative Result: Deficient Section



Win 8 Surface Prototype

High School Textbook from National Council of Educational Research and Training (NCERT), India
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Another Peek



Comity

• Intuition: Combine results of a large number of 
short, but relevant queries

– Search engines barf on long queries (such as entire 
section content) 

• Identify key concepts present in a section, C

• Form two-concept and three-concept  queries, Q

• For each q ϵ Q, obtain ranked list  of objects I(q)

• Relevance score(i) of object i = 

∑q f(position of object in I(q), importance of concepts in q)



=1 if image i is selected 

for section j else 0

Relevance score of 

object i to section j

Constraint: At most Kj images 

can be assigned to section j

Constraint: An image can 

belong to at most one section

Total relevance score 

for the chapter: sum of 

relevance scores of 

objects assigned

Can be solved optimally in polynomial time

From Section Level to Book Level Assignments

Avoid repetition across sections:



Table of contents for 

navigating the book

(automatically extracted)

Augmentations panel:

Video demonstrates the 

reaction for the second set 

of chemicals prescribed

Selected

Video

videos

Win8 Surface Prototype

Re-rendered section: This section, about 

the  laws of chemical combination, 

prescribes an activity for the chemistry 

lab, but the school might lack the lab to 

do the experiments

Video Augmentation: Make inaccessible accessible



This section is about magnetic field lines 

created by bar magnet. Section contains 

static images of magnetic field for bar 

magnet, solenoid and dipole.

The videos describes step-by-step 

magnetic field creation in bar magnet.

Video Augmentation: Assist in understanding content 

Win8 Surface Prototype



• Inferring learning units and dependence between them 
from current educational material (knowledge graph)

• Improvement in educational material based on data on 
student interactions with the material

• Synergies with crowdsourcing approaches

• Individualized learning plans

• Dynamic formation of classes and study groups

• Performance evaluation methodologies and benchmarks

• Issues related to privacy, security, confidentiality, copyright, 
attribution, revenue sharing, …

Ongoing Research
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