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• What has changed?

• The central role of technology in rethinking 
education!

• Whither digital libraries?
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Tom Friedman: Flat World 4.0*

When I wrote "The world is flat" in 2004:
 Facebook didn't have an index entry

 Twitter was a sound,

 Cloud was still in the sky

 4G was a parking place

 Linked-in was a prison

 Application was what you sent to college

 Big data was a rapper

 Skype was a typo

Something really big just happened in last 7-8 years

*The Role of Education in Hyper-Connected, Global World. Teach For All Global Conf. Oct. 2013.



Three key questions:

• What is being taught
– Curriculum, syllabus, educational material

• How it is being delivered
– Teachers, classes, assessments

• How it is funded
– Business models

Thinking About Education



• Electronic textbooks
– Fast adoption of cloud-connected electronic devices (worldwide)

– Open content (e.g. OpenStax, ck12.org, NCERT, Crowdsourcing)

• Internet-based classes
– MOOCs (e.g. Coursera, EdX, Udacity, Khan, TED-Ed)

– Small virtual classes (e.g. Shankar Mahadevan Academy)

– Electronic certification (e.g. Mozilla’s OpenBadges)

• New models of funding education
– Recipients give back to the seed fund for future recipients at their 

pace (e.g. Dakshana)

– Market for options on future earnings (e.g. Oregon legislation)

Emergent Perfect Storm
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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+13] 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 Enriching Electronic Textbooks

Joint work with Sreenivas Gollapudi, Anitha Kannan, Krishnaram Kenthapadi, et al.
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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



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

Larger dispersion  Harder to understand section

A Tale of Two Sections



• 100+ years of readability research
• 200+ Readability formulas

– In widespread use (notwithstanding  limitations)

• Popular formulas:

• Regression coefficients learned over specific 
datasets
– McCall-Crabbs Standard Test Lessons

Readability Formulas



• Direct use of Readability formulas yielded poor 
results

• Variables abstracted from readability formulas:

– Word length: Average syllables per word (S/W)

– Sentence length: Average words per sentence (W/T)

• Larger syntactic complexity  Harder to 
understand

Syntactic Complexity



Aakash Prototype

High School Textbooks from National Council of Educational Research and Training (NCERT), India



• 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
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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 images I(q) 
using image search

• Relevance score(i) of image i  = 
∑q f(position of image in I(q), importance of concepts in q)

Augmenting Textbooks with Images

Image Mining Image Assignment



From Section Level to Book Level Image Assignments
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Same image can repeat across sections! Richer set of images to augment the section



MaxRelevantImageAssignment

=1 if image i is selected 

for section j else 0

Relevance score of 

image 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 

images assigned

Augmenting Textbooks with Images

Image Mining Image Assignment

Can be solved optimally in polynomial time



User-study employing Amazon Mechanical Turk
– HIT: a given image helpful for understanding the section?

Evaluation on NCERT Textbooks

The number above a bar indicate helpfulness index for the corresponding 

subject (% of images found helpful)
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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
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Digital Library:  Tool at the center of intellectual activity

• From content-centric system supporting the organization 
and provision of access to particular collections  person-
centric system delivering innovative, evolving, and 
personalized services

• From static storage and retrieval of information 
facilitation of communication, collaboration, and other 
forms of dynamic interaction

• From handling centrally located text  synthesizing 
distributed multimedia document collections and pervasive 
computing services

The DELOS Manifesto
D-Lib Magazine, 14(3), March/April 2007
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Need for Refocused Efforts

• Broadly-applicable specialization is valuable

– Key-word driven document retrieval ≠ Query-by-
document ≠ Textbook augmentation

• Transformative changes in 
underlying assumptions demand 
rethink of solution approaches

• The framework changes with new technology, 
not just the picture within the frame –
Marshall McLuhan



• 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

• Personalized learning plans

• Dynamic formation of classes and study groups

• Performance evaluation methodologies and benchmarks

Some Research Ideas

Magic happens when what is desperately needed 
meets what is technically feasible
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